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EXECUTIVE suMMARY

The Preliminary Baseline Risk Assessment (PBRA) of Tooele North Army Depot-Notih Area
(’IXAD-N) is based on data existing before completion of the Remedial Investigation (RI).
This risk evaluation is intended as a preliminary document that will be refined and rvvised
following completion of the RI field activities.

This PBRA provides exposure assessment of chemicals and compounds identifkd and
quantitled at TEAD-N in the preliminary investigation.

Both Resource, Conservation, and Recovery Act (RCRA) Solid Waste Management Units
(SWMUS) and Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) sites are modeled as if they wem all CERCLA sites. Results of the fate and
transport models, as well as estimated risks, are based on either single- or highest-
concentration compounds found in the presently reported data. A range in concentration
could not be defined for this screening-level risk evaluation.

TEAD-N encompasses 24,732 acres and is located in Tooele County in west centml Utah,

approximately 35 mfies southwest of Salt Lake City. Established April 7, 1942, Tooele
Army Depot (North and South Areas combined) is one of the major ammunition storage and
equipment maintenance installations in the United States and supports other Army
installations throughout the western United States.

The PBRA is based on data available for 46 waste sites at TEAD-N. Surface soil,
groundwater, and air pathways were evaluated. No permanent surface waters or associated
sediments exist on TEAD-N. Twenty-three chemicals were identified for surface soils, and
43 chemicals of potential concern were selected for gmundwater. There were 18 volatile
organic compounds (VOCS) of concern.

Potentially exposed human populations, under current land use on-site, include workers,
residents in on-site housing, school students and faculty, and security personnel. Public
access to the facility is controlled, thereby limiting public exposure. Atthough unlikely,
residential use was chosen as a future land-use exposure scenario for the industrial area and
individual Sites/SWMUs outside the industrial area.

Human-exposure pathways considered to be complete for this PBRA are:

. Demral contact with and ingestion of on-site soils by industrial workers.

● Demral contact with and ingestion of on-site soils by workers and hypothetical future
residents at specitlc sites outside the industrial area.

. Groundwater ingestion from downgradient wells by off-site residents.
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. Inhalation of volatile organics from surface soils by off-site residents, on-site workers,
residents, and hypothetical future on-site residents.

. Groundwater ingestion from downgradient wells by More on-site residents.

Chemical-specKlc intakes, or chronic daity intakes (CDI), were calculated for the exposure
pathways identitled for quantitative evahtation. Potential human-health risks, due to
maximum exposures, were estimated for each chemical of concern. Carcinogenic and
noncarcinogenic effects were calculated separately for each exposure scenario.

For current Iand-use conditions, carcinogenic risk related to on-site worker exposure to
surface soils and volatilized chemicals on the industrial eastern portion of the site is estimated
to be > 1 E-, although no noncarcirtogenic health hazard is indicated (see Table ES-1).
Unacceptable carcinogenic risk and concern for noncarcinogenic heatth effects are indicated
for the Open Burn/Open Detonation (OB/OD) Areas. Other sites are inactive.
Carcinogenic-risk estimates for residents in on-site housing am slightly greater than 1 EM,
atthough noncarcinogenic health effects are shown not to be of concern. Carcinogenic-risk
estimates for off-site receptors are greater than 1 E-u, but are within Environmental
Protection Agency (EPA) remedial goals of 1 E-m to 1 EM for residents consuming
groundwater from Well 12 and for residents of GrantsviIle, Tootle, and Stockton, who arc
exposed to volatile organics from on-site air strippers. Potential risks from inhalation of
volatile organics by students and faculty at the school in the administrative area are
considered to be acceptable because carcinogenic risk and noncarcinogenic health effects

=. were acceptable for on-site workers who experience a greater exposure frequency and
duration.

The most signifkant carcinogenic-risk potentird to hypothetic future on-site residents is 3 E-
‘, which is related to soil exposure and groundwater ingestion at the TNT Washout Facility.
This value exceeds the EPA remedial goals of 1.0 E-w to 1.0 Ew risk. The potential for
adverse noncarcinogenic health effects also is indicated by a Harard Index of 4 E’m. The
potential sigtilcant incremental cancer risk is indicated by risk estimates of 1 ~ and 7 E-w
for hypothetical future residents exposed to surface soils on the OB/OD Areas and the
Chemicrd Range. A concern for noncarcinogenic health effects also is indicated for exposure
to soits at the OB/OD Area. A hypothetical future resident in the industrial area would be
subject to unacceptable carcinogenic risk and concern for noncarcinogenic health effects, as
would a resident exposed to groundwater at the capped industrial wastewater lagoon (IWL).
Adverse noncarcinogenic health effects, however, would not be a concern under average-
exposure levels.

The present definition of extent of contamination and the m-cd separation between waste sites
preclude complete charactetition of base-wide risk for TEAD-N. The estimated risk for
off-site receptors exposed through the groundwater and air pathways would represent
practicable site-wide risk to these receptors. The on-site industrkd worker scenarios would
represent area-wide risk for the eastern portion of TEAD-N.
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Table ES-I. Total Pathway Risk

Exposure Point Current Land Use Future Land Use

Carcinogen Hazard Index Carcinogen Hazard Index
Risk Risk

Industrial Area@J

OBIOD Areas
(Site 1)

IWL
(Site 2)

X-RayLagoon
(Site 3)

ChemicalRsnge
(Site 7)

TNTWashout Facility
(Sites 10/1 1)

.

Orr-Site Housing

Water Well 12

Water Wells 10&16

Water Well OY

Grantsville

ToceIe

Stockton

On-Site Worker On-Site Resident

3.9E-04*B 2.7E-02 7.4E-03*~ 1.4E+Ol*~

1.2E-05*> 2.7E+OO*) 1.2E-OLPJ 1.2E+O1O}

(.) (d 8.8E-05°] 4.9 E+OO@)

(* (* (.) 2.9E-02

(d) (d) 7.5E-06~~ 1.4E-01

(d) (* 2. 8E-02@) 4,0E+03*)

On-Site Resident

1.3E-06*J 9.3E-06

OtWSiteResident

4.4E-r37 1.7E-02

(.) (.)

6.OE-07 2.5E-02

3.lE-05@) 1.OE-05

3.8E-05@1 3.7E-05

8. 9E-06*B 6.6E-06

“Sanitary Iandfdl, sewage Isgorma, drum storage sreaa,
bS@riticant carcinogenic risk potential (risk > 1.OE-06) or possible adverse noncarcinogerdc health effects

for seriaitive subpopulatiom (HI> 1).
“Site capped - future consumption of groundwater only.
%ese sites xe insctive and, therefore, not wnsidered under the current on-site exposure scenario.
“No toxicity fsctors available.
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Uncertainty in the risk-characterization results from limited-sample data, variability of sample
types, lack of adequate background data, exposure assumptions, and developed scenarios.
Many sites are incompletely characterized, and no sampling has been completed at others.
The results of the fate and tmrrsport models are based on either single or the maximum
concentration reported for a given chemical.
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1.0 INTRODUCTION

1.1 OVERVIEW

The Preliminary Baseline Risk Assessment (PBRA) of Tooele Army Depot-North Area
(TEAD-N) is based on data available before the Remedial Investigation (RI) has been
completed. This preliminary risk evaluation serves as a decision-making tool and as
guidance for the Remedial Investigation/Feasibility Study (RI/FS) activities. It is intended as
a preliminary document to be revised and refined following completion of the RI activities.
The following conclusions should aid in guiding the field activities of the RI.

Results of the fate and transport models, as well as estimated risks, are based on either single
or the highest concentration of the compounds found in the presently reported data. A range
in concentration could not be defined for this screening-level risk evaluation.

1.2 PURPOSE

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
of 1980, as amended by The Superfund Amendments and Reauthorization Act (SW),
requires a Baseline Risk Assessment (BRA) to be developed as part of the RI/FS process at
Natioml Priorities List (NPL) sites.

.- This PBRA provides exposure assessment of chemicals and compounds identified and
quantified at TEAD-N in the prelimimry investigation.

Both Resource, Conservation, and Recovery Act (RCRA) solid waste mamgement units
(SWMUS) and CERCLA sites are modeled as if they were all CERCLA sites. Following
completion of the on-going RI/FS and the RCRA Facili~ Investigation (RFI) at TEAD-N,
this PBRA will be tiuther refined and developed into an in-depth BRA using comprehemive
site data to refine exposure assessment and risk-characterkation models.

1.3 SITE LOCATION

TEAD-N encompasses 24,732 acres and is located in Tooele County in west central Utah,
approximately 35 miles southwest of Salt Lake City (see Figure 1-1). It is adjacent to the
west boundary of the city of Tooele, approximately 2.5 miles south of Grantsville, and 4
miles north by northwest of Stockton, Utah.

1.4 INSTALLATION DESCRIPTION AND HISTORY

Established April 7, 1942, Tooele Army Depot (North and South Areas combined) is one of
the major ammunition-storage and equipment-maintemnce installations in the United States
and supports other Army installations throughout the western United States. The current

1



Figure 1-1. Location Map of TEAD-N and Vicinity
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mission of TEAD-N is to receive, store, issue, maintain, demilitarize, and dispose of
munitions; to overhauland maintain equipment; to provide installation support to attached
organizations; and to operate other facilities as assigned. Its major functions include the
following:

● Supply, distribute, and store general supplies and ammunition.
● Store strategic and criticat materiaJs.
. Survey and maintain ammunition and general supplies.
. Demilitarize ammunition.
● Supervise training of assigned units and provision of logistical support and training

assistance to U.S. Army Reserve Component units.
● Design, manufacture, procure, store, and test ammunition handling and maintenance

equipment.
● Repair, maintain, and store military vehicles and equipment.

During World War II, Tooele Army Depot (TBAD) was a back-up depot for the Stockton
Ordnance Depot and Benicia Arsenal, both located in California. It stored vehicles, small
arms, and other equipment for export.

Due to continuous operations at TEAD-N since 1942, numerous sources and potential
sources of harardous or potentially Itarardous waste have been identifkxl. Previous
environmental investigations have resulted in the ident~lcation of 47 Sites/SWMUs, covering
a broad range of operations and activities (see Table 1-l). For the purpose of the BRA,
Sites/SWMUs in the eastern industrially developed portion of TBAD-N have been grouped
together. They are collectively referred to as the Industrial Area and include Sites/SWh4Us
12, 14, 15, 17, 29, 30, and 32. Sites/SWMl_Js 1, 2, 3, 7 and 10/11 are each evaluatd on an
individual basis.

1.5 SCOPE OF RISK EVALUATION

The PBRA is based on the data available for 46 sites and SWMUS, numbered 1 to 47, at
TEAD-N (see Figure 1-2). (Site 16 no longer exists; however, the sites and SWMUS have
not hear renumbered.) The RI/FS and RFI field studies are scheduled to hegin in the spring
of 1992. The PBRA will be updated as necessary following the field investigation and
incorporated as an in-depth BRA in both the RI/FS report and the Phase II RFI report. The
PBRA serves as a means of idetrtifyirtg potential health effects based on current worst-case
scenarios of the site and allows decisions to be made regarding proposed field activities.

The puxpose of this PBRA is to estimate potential risk to receptors under current or baseline
and tkture land-use conditions. A fate and transpcm model was developed for each identified
disposal site or combination of sites with useable chemical data. Exposure-point
concentmtions at receptors were predicted for the volatile and nonvolatile organics and
metals found in the soil and gtuundwater. The receptor locations in the air-transport model
were on-site at TEAD-N and at the closest boundaries of the communities of Gmntsville,
Tooele, and Stockton, Utah. Groundwater contaminants were modeled to the closest
domestic-water wells downgradient from the source. In addition, a site-wide conceptual
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Table 1-1. Solid Waste Management Units and Sites at 17M.D-N

Site/SwIkfuNo. Site Name

1
2
3
4
5
6
7
8
9
10,11
12,15
13
14
17
18
19

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

open Burning/Open Detonation (OB/OD) Areas
Industrial Wastewater Lagoon OWL)
X-Ray Lagoon
Sandblast Facility
Pole Tmnsformer PCB Spill
Old Bum Area
Chemical Range
Small Arms Firing Range
Drummed Radioactive Waste Storage Area
TNT Washout Facility
Sanitary Landffl
Tim Dkposal Site
Sewage Lagoons
Former Transformer Stomge Area
Radioactive Waste Stomge Building S-659
Ammunition Equipment Directorate (ABD) Demilitmization Test
Facility
AED Deactivation Furnace Site
Deactivation Furnace Building 1320
Building 1303 Washout Pond
Bomb and Shell Reconditioning Building
Battery Pit
Battery Shop
Defense Reutilization and Marketing OffIce (DRMO) Storage Yard
RCRA Container Storage Area
90-Day Drum Storage Area
Drum Stomge Areas
Old IWL
Former Transformer Boxing Site
PCB Spill Site
PCB Storage Building 659
Pesticide/Herbicide Stomge Building
Wastewater Spreading Area
Old Bum Staging Area
Contaminated Waste processor (CWP)
Industrial Wastewater Treatment Plant (IWTP)
Solvent Recovery Facility
AED Test Range
Box Elder Wash Drum Site
Building 539 Retort Furnace
Container Storage Area for P999
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Table 1-1. Solid Wrote M.nagemenr Units and Sites ol TEAD-N (concluded)

Site/SWMUNo. Site Name

44 Tank Storage of Trichtoroethylene
45 Stormwater Discharge
46 Used Oil Dumpsters
47 Boiler Blowdown

model was developed, as appropriate, using the same data. A summary of data by
site/SWMU number is provided in Table 1-2.

1.6 REPORT ORGANIZATION

Report organization follows U.S. EPA Risk Assessment Guidance for Superfond, Volume I
(USEPA, 1989). Sedion 2.0, Chemicals of Potential Concern, discusses data collection and
evaluation and summarizes the chemicals of potential concern for the sites at TEAD-N.
Section 3.0, Exposure Assessment, provides a characterization of the exposure setting and
identilcation of the potentially exposed human and wildlife receptors. Exposure pathways
are identifkd for soiI, groundwater, air transport, and exposure-point concentrations as
pntentird receptors are derived. Details of the air and groundwater transport models used to

L. derive estimated exposure-point concentitions are described in Appendices A and B,
respectively. Chemical intakes for receptors under current and future land-use scenarios are
developed.

Toxicity assessment for the chemicals of potential concern is provided in Seztion 4.0, and
toxicity prnfdes are presented in Appendix D. Potential risk to receptors under current and
future land-use scenarios is characterized by carcinogenic and noncareinogenic health effeets
in Section 5.0, Risk Characterization. Potential riska are summarized by pathway, and total
risk for each exposure scenario is discussed. Site-wide risks are addressed, as appropriate,
based on present understanding of the TEAD-N waste sites.

Uncertainty in each phase of the risk-evaluation process is analyzed in Section 6.0,
Uncertainty Analysis. Data needs for the BRA are identifkd relative to the proposed RUFS
report in Seetion 7.0, Data Needs (USATHAMA 1992) Section 8.0 is the list of references.
Appendu F contains a schedule of field activities to ffl many of the data gaps identifkd in
this assessment. AdditiortaJ data-gap-ftig activities arc being scheduled for completion
during 1992,

The appendices are as follows: Appendix A, Fate andTransport of Volatile Organic
Compound Air Emissions; Appendix B, Groundwater Monitoring; Appendix C, Potentially
Occurring Plants and Animals; Appendix D, Toxicity Profdes; Appendix E, Proposed and
FinaI MCLS; Appendix F, Schedule of Field Activities to Fill Data Gaps; Appendix G,
Potable Well Water Analysis; and Appendix H, Conceptual Site Models.
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Table 1-2. Available Data by

Status

fncluded in

Site/ Site Insufficient

SWMU Conceptual Data Potential

No. Site Description Model Contarnimmk

1

2

3

4

5

6

7

8

9

10,11

k 12,15

13

14

17

18

19

20

21

22

23

24

25

OBIOD

IWL

X-Ray Lagoon

Sandblast Facili~

Pole Transformer PCB Spill

Old Burn Area

Chemical Range

Small Arms Firing Range

Drummed Radioactive Waste
Storage Area

TNT Washout Facility

Sanitary Landfill

Tue Disposal Site

Sewage Lagoons

Former Transformer Storage
Area

Radioactive Waste Storage
Building

AED Demil Test Facility

AED Deactivation Furnace
Site

Deactivation Furnace Building
1320

Building 13C3 Washout Pond

Bomb and Shell
Reconditiotig Bldg

Battery Pit

Battery Shop

YES

YIN

YES

YES

YES

YES

YES

YES

*

*

*

YES

YES

YES

*

YES

YES

*

*

YES

*

*

YES

YES

YES

YES

YES

YES

YES

YES
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Table 1-2. Aw”lable Dara by Sile/SW14U (cowinued)

status

Included in

Site/ Site Insufficient

SWMU Conceptual Data Potential

No. Site Description Model Contaminants

-.

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

DRMO

RCRA Container Storage
Area

90-Day Drum Storage Area

Drum Storage Areas

Old IWL

Former Transformer Boxing
Site

PCB Spill Site

PCB ‘Storage Building 659

Pesticide/Hetiicide Storage
Bldg

Wastewater Spreading Area

Old Bum Staging k

CWP

rwm

Solvent Recovery Facility

AED Test Range

Box Elder Wash Drum Site

Building 539 Retort Furnace

Container Storage Area for
P999

Tank Storage of TCE

Storm water Discharge

Used Oil Dumpsters

Boiler Blow Down

YES

YES

YES

YES *

YEs *

YES

YES *

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES
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2.0 CHEMICALS OF POTENTIAL CONCERN

2.1 DATA COLLECTION

The data used in this PBRA were derived from two primary sources: (1) the Site
Investigation and Follow-On Remediat Investigation, Final Site Investigation Work Plan
(USATHAMA 1990a) and (2) the Remedial Investigation/Feasibility Studies, Final Work
Plan (USATHAMA 1992). The locations of waste sites, where additional soil samples are
being collected as of the date of this report, are shown in Figure 2-1, and Table 1-1 shows a
list of all sites and SWMUS by number and name. Existing monitoring wells and water-
supply wells are shown in Figure 2-2. Downgradient off-site wells were considered potential
exposure points for groundwater, as shown in Figure 2-3.

Analytical methods are provided in the Quality Assurance/Quality Control (QA/QC) Plan for
the TEAD RI (Weston 1989). Analytical data were generated by USATHAMA-certified
laboratories using USATHAMA-cer-tified procedures (USATHAMA 1990b). The validated
data reported in the Final Site Investigation Work Plan and Final Work Plan (USATHAMA
1990a and 1992) were used as the starting point for this evaluation. Detection limits are
provided in Appendix I.

Additional data collection activities are ongoing or scheduled (see Appendix F). In addition
to the activities presented in Appendix F, other field activities and data acquisitions are being
carried out at TEAD-N in order to develop a comprehensive data base for the final BRA.

k..

2.2 DATA EVALUATION

For soils data, all chemicaJs for which concentrations were below detection limits or results
were reported as non-detect (ND) were eliminated from the surface-soil-data set. Inorganic
chemicals detected were compared to background levels compiled by the U.S. Geological
Survey from Tooele County at two kxations north of TEAD-N near Interstate 80. These
background soils data indicated low levels of arsenic, chromium, copper, mercury, sodium,
nickel, lead, selenium, and fluoride. Chemical concentrations below background were
eliminated from the data set. For remaining chemicals in soils, the maximum reported
concentrations were used when more than one value was reported at a given site for a given
chemical. At Site 2 and the Industrial Area, sufficient data were available to calculate
average concentrations for chemicals detected in soil. Surface soils data were available for
Sites/SWMUs 1, 3, 7, 10/11, 17, 29, and 32.

Current activities at TEAD-N include development of site-specific background data to be
used in the BRA.

A total of 24 groundwater wells were used for data analyses from the TEAD-N site for
purposes of this preliminary report. Monitoring wells were selected based upon the waste
site with which they were affiliated. For groundwater data, all chemicals for which
concentrations were reported below the detection limit or ND were eliminated from the data
set of wells selezted as representative for each site. Since inadequate groundwater-

9



...--

.. ...

10



,, ,

11



x

\

---

-r
--

l_J

1“4

1

I

-z—

+’%%

‘\
1

12



background samples were available for comparison purposes, data were evaluated by
selecting the highest concentration avaiIable from within the data set, if more than one
concentration was available. At Site 2 and the Industrial k, sufficient data were available
to calculate average concentration of chemicals detected in groundwater. RI data arc
currently being collected. These data will be updated and presented in the RI report risk
assessment for the CERCLA sites.

For off-site residential modeling of groundwater at each of the sites, the maximum value for
each chemical at a site was compared with Maximum Contamination Levels (MCLS) and
Utah Groundwater Water Quality Standards. If a chemical-consti~ent-concentmtion value
was below either the MCL or Utah Groundwater Water Quality Standard, then it was not
modeled.

Chemicals detected and their respective concentrations in soil and groundwater are
summarized in Tables 2-1 and 2-2. The chemicals identifkd as being of potential concern
for each site arc marked with an asterisk.

2.2.1 Site/SWMLJ1

2.2.1.1 soil

M-urn concentrations of each chemical detected in surface soil at the site/SWMU were
compared to known background levels (USATHAMA 1990). Several metals were eliminated-
as potential chemicals of concern because they were detected at levels below background.
These metals were arsenic, chromium, and mercury.

2.2.1.2 Groundwoter

Two water supply wells, WW-4 and WW-5, were considered representative of Site/SWMU
1, since no monitoring wells wexe identitled closer to the site/SW. The potentiat
chemicals of concern for this site include five metals and nitrate. No organics were selected.

2.2.2 Site/SWMU 2

2.2.2.1 Soil

All chemicals detected in surface soil were above background levels prior to remcdiation.
This site/SW has been capped.

13
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Toble 2-2. Chemicals Detected in Groundwater

Constituent MaxiiuIo Concentration (ug/1)by Site/~WMU!
J /

MCL 1 2 10/11 12,14,15 29 30

INORGANIC~

Arsenic

Barium

Beryllium

Cadmium

Chromium

Copper

Fluoride

Iron

Lead

Manganese

Nickel

- Nitrate

Sodium

Silver

Thallium

Zinc

ORGANICS

Benzene

Benzyl Alcohol

Bis(2-ethylhexyl)phthalate

Carbon tetrachlonde

Chloroform

Cycloalkanes

Cyclonite (RDX)

1,2-Dichlorobenzene

1.3-Dichlorobenzene

50

l,CCQ

4

5

1(XJ

4,0GU

50

100

10,OOO

50

2

5

5

lc#

600

133*

NA

120*

18.08

ND

NA

NA

ND

NA

ND

17,500*

36,1Xil*

ND

ND

3008

NA

NA

NA

NA

NA

NA

ND

NA

NA

5.0*

NAU

NA

12.0*

40.0.

16.0*

NA

1,600;

S.0*

5,400*

NA

ND

NA

ND

NA

S808

ND

NA

NA

20.0*

Nn

NA

NA

O.S*

0.2*

110*

94.0*

ND

ND

15.0*

33.0*

6,640*

NA

46.0*

NA

33.0*

264,0CO*

296,COO*

0.6*

3.4*

90.0.

NA

8.0*

10.O*

NA

2.0*

NA

1608

NA

NA

22.0*

NA

0.4*

15.0*

720*

37.7*

1.06*

1,200*

37.4*

S7.0*

58.3*

8.09

196*

8.0*

NA

1,900*

0.88

NA

ND

20*

4.2*

60.0*

8.5*

ND

ND

7.0*

1.6*

1.6*

Nr3

5.0*

220*

ND

NA

45.1*

NA

294*

10.O*

NA

2.5*

NA

470*

NA

NA

790*

NA

NA

NA

NA

NA

NA

3.0*

NA

NA

ND

ND

ND

NA

Nn

ND

Nr3

NA

ND

NA

Nn

NA

ND

ND

NA

NA

41.0*

5.0*

NA

NA

ND

ND
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Table 2-2. Chemicals Detected in Groundwater (com”rwed)

Constituent I Maximum Concentration (ug/9 by Site/SWMU
d

MCL 1 2 10/11 12,14,15 26 30

1,4-Dichlorobenzene 75

1, l-Dichloroetharre

1, l-Dichloroethylene 7

tram-l ,2-Dichloroethylene 100

2,4-Dhritrotoluene

Etlrylbenzene 700

HMx

2-Methyl-4,6-Dinitrophenol

Phenol

Tetrachloroethylene 5

Toluene 1,rnxl

1,1, l-Trichloroethane 200

‘- Trichloroethylene 5

1,3 ,5-Trinbrobenzene

2,4,6-Tritrotoluene

m ,p-Xylenes IO,(JXY

o-Xylenes lo,rKW

NA

NA

NA

NA

NA

NA

14A

NA

NA

NA

NA

NA

ND

NA

NA

NA

NA

0.4*

lSO*

2.9*

NA

NA

0.6*

NA

NA

NA

0.3*

1.2*

ZOO*

250*

NA

NA

3.8*

1.0*

NA

NA

NA

NA

20.0*

NA

17.6*

27.0*

3.0*

NA

6.0*

1.8*

NA

10Q*

37.4*

NA

NA

ND

Nr3

4.2*

2.6*

NA

ND

NA

NA

NA

Nrr

5.0*

NA

47.6*

NA

NA

NA

1.5*

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

1.11*

NA

NA

NA

NA

ND

ND

5.0*

NA

NA

ND

NA

NA

NA

ND

ND

5.0*

140*

NA

NA

ND

Nrr

‘NA = Not ldyd.
bND = None dctcacd,

*Chemical of potential concern,
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2.2.2.2 Gmundwater

Data from monitofig wells B5, T1, and N26 were evaluated as representative of
Sites/SWMU 2. Chemicals of potential concern for this site include 8 metals and 13
organics.

2.2.3 Site/SWMU 3

2.2.3.1 Soil

Only one chemical, chromium, was detected in surface soil. It was above background level
and, therefore, selected as a chemical of potential concern.

2.2.3.2 Groundwater

Groundwater data were not available for this site.

2.2.4 Site/SWMU 7

2.2.4.1 Soil
b

Maximum concentrations of each chemical detected in surface soil at the site were compared
to background levels. Chromium, copper, and lead were eliminated as chemicals of potential
concern because they were detected at levels below background.

2.2.4.2 Groundwater

Groundwater data were not available for this site.

2.2.5 siteMwMUs 10I11

2.2.5.1 Soil

Maximum concentrations of each chemicaJ detected in surface soil at the site were compared
to known background levels. Several metals were eliminated as chemicals of potential
concern because they were detected at levels below background. These metals were
chromium, copper, nickel, lead, and zinc.

18



2.2.5.2 Gtvundw&er

Data from five monitoring wells —N-3A, N-3H, N-3B, N-3F, and N-31— were evaluated for
this site. Nitrate, 11 metals, and 12 organics were selected as chemicals of potential
concern.

2.2.6 Sites/SWIvlUs 12/14/15

2.2.6.1 Soil

No soil data were available for this site grouping.

2.2.6.2 Groundwater

Twelve monitoring wells were evaluated as represenhtive of this site. The wells were &?,
Bl, T7’, N-111-88, N-113-88, and N-115-88 through N-120-88. Thirteen metals and ten
organics represent the chemicals of concern. Well N-113-88, approximately 50 feet in
depth, was abandoned and grouted after completion and, therefore, is no longer included in
the monhoring progmm.

2.2.7 Site/SWMU 17--

2.2.7.1 Soil

PCB 1262 was the only chemical detected in surface soiI.

2.2.7.2 Grnundwoter

Groundwater data were not available for this site.

2.2.8 Site/SWMU 29

2.2.8.1 Soil

Maximum concentrations of each chemical detected in surface soil at the site were compared
to background levels. Arsenic and copper were eliminated as potential chemicals of concern
because they were detected at levels below background.

19



2.2.8.2 Grvundwater

Two monitoring wells, N-1 12-88 and N-1 14-88, wem chosen as tqresentative of this site.
Nine metals, nitrate, and two orgarrics were chosen as chemicals of potential concern.

2.2.9 Site/SWMU 30

2.2.9.1 Soil

Soil &ta were not available for this site.

2.2.9.2 Groundwater

One monitoring well, B-27, was chosen as representative of this site. One metal and five
organics were chosen as chemicals of potential concern.

2.2.10 Site/SWMU 32

2.2.10.1 Soil

_. PCB 1262 was the only chemical detected in surface soil.

2.2.10.2 Groundwater

Groundwater data were not available for this site,

2.3 SUMMARYOF CHEMICALSOF POTENTIALCONCERN

Chemicals of potential concern for the risk evaluation are summarized its Table 2-3. Twenty-
three chemicals were identified for surface soils. Forty-three chemicals of potential concern
were selected for groundwater. There were 18 VOCS of concern for the air media. PCB
1262 was only detected its surface soils. Chemicals of concern only in groundwater were
arsenic; coppeq iron; manganese; sodium; lead; thdium; benzyl alcohol; chloroform;
benzene; cyclonite (RDX); bis-(2-ethylhexyl)phth&te; 2-methyl-4,6-dtitmphenol;
cycloalkarres; 1,1-, 1,3-, and 1,4-dichlorobesrzene; 1,1-dichlomethane; 1,1-dichloroethylene;
tram-l ,2-dlchloroethylene; m-, o-, and p-xylene; and phenol. Chemicals of potential concern
in all three rnaha were 2,4-dtitrotoluene; 2,4,6-trinitrotoluene; ethylbenzene; HMX;
tetrachloroethylene; trichloroethylene; and 1,3 ,5-trinitrobenzene.
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Table 2-3. Summaty of Chemicalr of Potential Concern

Surface Ground
Chemical soil Water Air

Arsenic x

Barium x x

Berytlium x x

Cadmium x x

Chromium x x
Copper

Fluoride

Iron

Lead

Manganese

Nickel

Nitrate/Nitrite

Silver

Sodium

Thallium

zinc

Benzene

x

x
x

x

x
x x

x
x
x
x
x
x
x
x
x
x

Benzo(k)fluoranthene

Benzo(a)pyrene

Benzyl Alcohol

Bis(2-ethythexyl)phthalate

Carbon tetmchloride

Chloroform

Chrysene

Cis-1 ,2-dichloroethene

Cycloalkanes x

Cyclonite (RDX) x

x
x
x

x

x
x
x
x

x
x
x

x

x

21



Toble 2-3. Summaryof Chemicals of Potem”al Concern (continued)

Surface Ground
Chernieal soil Water “iii

1,2-Dlchlorobenzene x

1,3-Dichlorobenzene x

1,4-Dichlorobenzene x

1,l-Dichloroethane x

1,l-Dichloroethylene x

trans-1,2-Dichloroethylene x

2,4-Dinitrotoluene x x x

2,6-Dixritrotoluene x x

Ethylbenzene x x

Fluoranthene x x

HMx x x x

2-methyl-4,6-dinitrophenol x

Naphthalene

Phenanthrene x
L-

x

Phenol x

PCB 1262 x

Pyrene x x

Tetrachloroethylene x x

Toluene x x

1,1, l-Trichloredrane x x

Trichloroethylene x x x

1,3,5-Trinitrobenzene x x x

2,4,6-Tnnitrotoluene x x x

m-Xylenes x

o-Xylenes x

p-Xylenes x
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2.4 UNCERTAINTY

Several sources of uncertainty exist with regard to surface-soil data. One is the variability of
sample types. At Sites/SWMUs 1, 17, and 32, the samples were surface soil. However, at
several Sites/SWMUs (2, 3, and 10/11), the samples were dried sediment from chemical
lagoas. Samples at 7 were collected only from berms and not from the lower elevations at
this site. Depth of sample collection at 29 varied from the surface to 2 feet. Thus, at a
number of sites, the sample concentrations were not necessarily characteristic of surface soil.

A second source of uncertainty in the soil data comes from the number of samples collected
per site. At Sites/SWMUs 1, 7, 17, 29 and 32, the number of samples were 15, 12, 5, 8,
and 5, respectively. Soil &ta at other Sites/SWMUs (2, 3, 10/11) were single samples. At
these sites, the lack of replication, with consequent data on standard error, means that less
confidence can be placed in the quality of the values presented. A third source of
uncertainty is the lack of background data for some detected chemicals. Background data
(USATHAMA 1990) were provided only for the metals arsenic, chromium, copper, lead,
mercury, nickel, and zinc. It is quite possible that detected levels of barium, beryllium, and

silver would also fall below background levels if these data were available.

Uncertainty in the representativeness of groundwater concentrations arises from the fact that
only a single groundwatcr sample from each well was used. Because many of the sites are in
close spatial proximity, groundwater monitored by a single monitoring well may be impacted
by more than one site; thus, concentrations modeled may not be truly representative of the
single site for which exposure point concentrations were derived. There were no reliable

. . background &ta for use in evaluating groundwater data, and some detcztion levels were
above the MCL and/or Utah Groundwater Water Quality Standards. Chemicals have not
beerr included as potential chemicals of concern if their detection levels were below MCLS or
below Utah Groundwater Quality Standards. Therefore, some of the chemicals of poterrtird
concern may have been inappropriately included or excluded in the risk characterization.
Some chemicals were not analyzed at all sites.
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3.0 EXPOSUREASSJMSMENT

3.1 CHAkic TERIZATIONOF EXPOSURESETTING

TEAD-Ns regional physicrd setting, geology, and hydrology have been documented in
previous investigations (USATHAMA 1990a and 1992) and are summarized below.

3.1.1 Physical Setting

3.1,1,1 Su~ace Features

TEAD-N is located in the southern portion of the Tooele Valley. The north-trending
Oquirrh and Stansbury Mountains rise from the valley floor at elevations ranging from 5,000
to over 10,000 feet. Topography of the valley floor is shaped by coalescing altuvial fans
formed by erosional debris washed from the mountains. TEAD-N is situated on confluent
alluvial fans derived from the Oquirrh Mountains. Alluvial fans that form the valley floor in
the vicinity of TEAD-N slope toward the north. TEAD-N topography (see Figure 3-1) is
characterized by a gently rolling surface intersected by a series of shallow gullies. The
average topographic gradient in the northern portion of the site is approximately 70 feet per
mile, increasing to about 150 feet per mile at the southern boundary.

3.1.1.2 Meteorolo~
---

The climate of the Tooele ValIey mnges from arid to semiarid at the salt flats near the Great
Salt Lake and in the mountains surrounding the valley. Rainfall is minimal, and the average
annual precipitation between 1897 and 1985 was approximately 16.95 inches in Tooele,
although in Grarrtsville the average annual precipitation was 11 inches between 1957 and
1977. The greatest precipitation occurs in the mountains surrounding the valley, where the
avexage amount is more than 40 inches per year. Air temperatures at Tooele from 1941 to
1970 averaged 51 “F (10.6 “C).

3.1.1.3 Geology

The Tooele Valley is typical of basin and range physiogmphy in which fault-block mountains
arise above flat intermontane valleys. Bedrock in the mountain ranges bordering the vatley
has been extensively folded and faulted. The Tooele Valley occupies the alluvial plain of the
Oquirrh Mountains and is ffled with a thick sequence of unconsolidated alluvial sediments of
Tertiary and Quatemary age. The valley was formed as sand grains, gravels, and cobbles
composed of quartzite, sandstone, and limestone, eroded primarily from the Oquirrh
Mountains east of TEAD-N. Because alluvial deposits at TEAD-N generally are coarse
grained, they form a productive aquifer system when saturated.
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Unconsolidated alluvium at TBAD-N is typical of alluvial-fan deposits consisting of poorly
sorted clayey silty sand, grovel, and cobbles. Alluvium samples are typically yellowish
brown to grayish orange, with varying amounts of pink, A, black, yellow, and orange
quartzite fmgments and/or dark gray limestone. Fine-grained layers have been observed and
have been estimated to range from less than 10 to more than 70 feet thick. Bedrock beneath
the unconsolidated sediment of Tooele Valley consists of alternating quartzite and limestone
beds similar to late Paleozoic recks. The most significant bedrock features axe a series of
limestone and quartzite bedrock outcrops located approximately 1,000 feet north of the IWL
srca. Depths to bedrock range from zero at surface outcrops in the northeast comer of
TEAD-N to more than 2,000 feet below ground surface in tbe south-central portion of the
facility. Bedrock throughout TEAD-N consists of fme-gmined, blue-gray, and black
limestone with Calcite-ffled veins and white, red, and brown fme-grained-to-granular
quartzite.

3.1.1.4 Soils

Soil types across TEAD-N are variable consisting of Abela, Berent-HiIo Peak, Bindow and
Doyce mapping units. Soil types at waste sites are summarized in Table 3-1, With the
exception of the Doyce unit, which has a slow to moderately slow permeability with an
infiltration mte of 1.4 x 1(P to 1.4x 10-3centimeters per second (cm/see), the permeability
of these soils is moderate to xapid with infiitmtion mtes of 4.2 x 1(P to 1.4 x 10-2cm/sec.

‘..-.’

3.1.1.5 Hydrogeology

Groundwater in Tooele VaUey is found in the alluvial valley ffl deposits and, to a lesser
extent, in underlying bedrock. The alluvial aquifer is composed primarily of gravels, with
major imbedded zones composed of varying amounts of sands, silts, and clays. Average
calculated vextical groundwater-seepage rates range fmm less than 1 foot per year to 200 feet
per year. Groundwater flow direction at TEAD-N is from the southeast to the northwest, but
is altered somewhat in the IWL Area where the alluvial aquifer encounters the fault-block
bedrock ridge. The potentiometric surface is relatively flat with a hydraulic gradient of
approximately 0.007 foot per foot across the installation.

The bedrock aquifer consists primarily of low permeability quartzite and limestone, and
occurs beneath the relatively small area in the eastern portion of TEAD-N. The remainder
of TEAD-N and the Tooele Valley is d=tly underlain by the alhwial aquifer. Although
permeability of the bedrock is low, extensive fracturing in the bedrock allows for
considerable groundwater flow.

Previous reports rdso show localized moist zones at depths of 17 to 180 feet beneath the ~
Washout Facility (Sites/SWMUs 10/11) and the Sanitmy LandfW (Sites/SWMus 12/15) at
TEAD-N. The varied depths of these zones indicate that numerous, localized moist zones
exist on the installation. Other reports also indicate that groundwater perched along these
zones will eventdly reach the regional rdluvial aquifer.
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Table 3-I. Soils Classl~cation at Waste SiteslSWWUs

Site/
SWMU Site Name (l-42)

No.
soil Type

1

2

3

4

5

6

7

8

9

b 10, 11

12, 15

13

14

17

18

19

20

21

22

23

Open Burning/Open Detonation (OB/OD) Areaa

Industrial Waatewater Lagoon (IWL)

X-ray Lagoon

Sandblast Facility

Pole Transformer PCB Spill

Old Bum Area

Chemical Range

Small Arms Fking Range

Drummed Radioactive Waste Storage Area

TNT WashoutFacility

SanitaryLandfill

Tke DisposalSite

Sewage Lagoons

Former Transformer Storage Area

Radioactive Waste Storage Building S-659

Ammunition Equipment Directorate (AED)
Demilitarization Test Facility

AED Deactivation Furnace Site

Deactivation Furnace Building 1320

Building 1303 Washout Pond

Bomb and Shell Reconditioning Building

Hiko Peak gravelly loam, Medburn
fme sandy loam, Birdow loam,
Berent loanry tine sarrd

Abela gravelly loam,
Manaasa loam

Berent loamy tine sand,
Medbum fme sandy loam

Abela gravelly loam

Berent loamy fme srmd

Abela gravelly loam

Abela gravelly loam

Hiko Peak gravelly loam,
Taylorsflat loam

Abela gravelly loam

Berent loamy tine sand

Abela gravelly loam

Hiko Peak gravelly loam, Abela
gravelly loam

Abela gravelly loam, Medbum fme
sandy loam

Abela gravelly Ioam

Abela gravelly loam

Berent loamy tine sand, Hiko Peak
gravelly loam

Hiko Peak gravelly loam

Berent loamy fine sand, Medbum
fme sandy loam

Abela gravelly loam, Hiko Peak
gravelly loanr, Berent loamy fme
sand

Hiko Peak gravelly loam, Berent
loam fme sand
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Table 3-1. Soils C.lasstfican”onat Wate SiteslSUMUs (continued)

Sitd

Sw’Mu Site Name (l-42) Soil Type
No.

24

25

26

27

28

29

30

31

32

33

34

L- 35

36

37

38

39

40

41

42

why Pit

BatteryShop

Defen$e Reutilization and Marketing Office (DRMO)
Storage yard

RCRA Container Storage Area

90-Day Drum Storage Area

Drum Storage &eas

Old IWL

Former Transformer Boxing Site

PCB SpilI Site

PCB Storage Building 659

Pesticide/Herbicide Storage Building

Wastewater Spreading Area

Old Burn Staging .&ea

Contaminated Waste Processor (CWP)

Industrial Wastewater Treatment Plant (IWTP)

Solvent Recoverj Facility

AED Test Range

Bnx Elder Wash Drum site

Doyce Loam, Abela gravelly loam

Berent loamy tine sand

Abela gravelly loam

Abela gravelly loam

Ab-ela gravelly loam

Abela gravelly loam

Medburn tine sandy loam,
Abela gravelly loam

Abela gravelly loam

Abela gravelly loam

Abela gravelly Ioatn

Doyce Loam, Abela gravelly Inam

Doyce Jmam, Ahrda gravelly loam

Abela gravelly loam

Medburn fme sandy loam

Medbum tine sandy loam,
Abela gravelly loam

Abela gravelly loam

HAO Peak gravelly loam

Mcdburn fme sandy loam

Building 539 Atmla gravelly loam
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3.1.1.6 Su#ace Water

During rare periods of heavy rain or sapid melting of mountain snowpacks, surface water
may occur at T73AD-N in Box Elder Wash and South Willow Creek, both of which cross the
TEAD-N near its western boundaries. See Figure 2-3, which shows the outfall of this creek
and wash.

3.1.1.7 Vegetatz”on

The lack of precipitation, low humidity, extreme air tem~rature changes, soil types, and
light winds typical to the Tooele Valley are sig@cant determinants of vegetation
composition. Vegetation at the site is classifkd as an Artemisia Biome, which is
characterized by sagebrush (.&temisi@ and saltbnssh. This general classitlcation is broken
down into four smaller areas based on predominant vegetation and soil ranges. The Desert
Bench Range contains winterfat, budsage, Indian rice grass, and western wheat grass. There
are low areas within this mnge which support greasewood, shadscale, and gray Molly. In
areas where puddIing occurs, greasewood and inkweed are dominant. The dominant species
of the Sandy Hills Range an?.juniper, low sagebrush, big sagebsush, ephcdra, Indian rice
grass, sand dropseed, shadscale, and needle and thread grass. In areas not covered by
juniper, other vegetation, including big sagebrush, rubber rabbitbrush, and bluebunch wheat
grass also occur. The third area, the Foothill Range, contains some of the aforementioned
species, but sweet vetch, balsam root, nature blue, and yarrow are also present. In the

‘----- Uplarrd Loam Range, the dominant speeies include cheat gross, snakeweed, fesque, big
sagebrush, bitter vetch, yellow bmsh, and paintbrush.

3.1.1.8 Lund Use

Tooele Valley is predominantly undeveloped with the exceptions of Gmntsville, Tooele,
Stockton, and occasional residential development north of Tooele. Livestoek grazing and
limited cultivation predominate in the valley. Grantsville is approximately 2 miles notth of
the nosthwest comer of TEAD-N; the city of Tooele is east of the installation; and Stockton
is located approximately 3 miles south along State Road (SR) 36 (see F@e 1-1).

Except for the city of Tooele, properties immediately adjacent to TEAD-N boundaries are
undeveloped. Properties to the north are used for pasture or cultivation; properties to the
west and south are used for rangeland grazing. Properties east of TEAD-N consist of Tooele
and undeveloped rarrgekmd along the lower western slopes of the Oquirrh Mountains.
Scattered gravel pits are also located southeast of the TEAD-N along SR 36. Except for the
southeastern portion (bounded by SR 36), TEAD-N is bounded on the east by the Union
PacKlc Railroad right-of-way. Residential development within Tooele abuts the northern
boundary of this portion of TE.4D-N. Tooele Municipal Airport and scattered residential
homes are located along the eastern boundary north to SR 112, which forms the northeastern
boundary of TEAD-N. The area northeast of SR 112 is undeveloped except for a
construction company and Tooele Landfdt. There is on-base housing for both civilians and
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military families in the Administrative Area. Tooele Alternative High School is located in
the southeastern comer of TEAD-N.

3.1.2 Potentially Exposed Human Populations

3.1.2.1 Current Land Use

Potentially exposed populations on-site under current land use would be workers and security
personnel, on-site residents, and students and employees of Tooele Alternative High School.
Public access to the facili~ is controlled, thereby precluding public exposure. On-base
housing for both civilians arrd military families is located on-site in the Administrative Area.
There are 30 military persomel and 62 dependents currently living in on-base housing, for a
total of 92 people. The average residence time is 1 to 2 years. Tooele Alte.mative High
School is a 4-year technical school. It has 42 full-time and 100 part-time (2 hours/week)
students.

The land surrounding TEAD-N is predominantly undeveloped and used for livestock grazing,

~ge kurd, ~d ~ited cultivation. Residential development within the city of Tooele abuts
the northern boundary of TEAD-N. Populations potentially exposed to site-related chemicals
are residents of the city of Tooele, Stockton (approximately 3 miles to the south), and
Grantsvilte (approximately 2 miles to the north). Potentially sensitive subpopulations in these
areas would be children in day-care centers, students in Gmntsvilte and city of Tooele public

. schools, and patients in hospitals. There are no public schools in Stockton. The number of
students enrolled in GrantsviUe and city of Tooele public schools are 1,530 and 4,088,
respectively.

3.1.2.2 Future Land Use

On-site land use at TBAD-N could change in the future although it is unlikely. The most
likely land use changes at TBAD-N would be additional development or use of some of the
study areas by the Army. Development of TEAD-N as a residential area or other public use
area is considered highly unlikely given the low-population density and the availability of
adjacent, non-Army land for pubtic development. Furthermore, the Army has no current
plans to “excess” any land of the TEAD-N and, considering the mission of TEAD-N, it is
unlikely that the base would close. However, for this PBR4, residential land use was chosen
as an exposure scenario for the western and central portions of the base (Sites/SWMUs
1,2,3,7,10/1 1) and the eastern portion of the base (Sites/SWMUs 12/14/15,17,29,30,32).

3.1.3 Potentially Exposed Wddlife Populations

Plant, mammal, bwd, and reptite species that could potentially live on or near TEAD-N are
listed in Appendix C. A search of the U.S. Fish and Wildlife Service data base showed no
known occurrences of federal candidate plant species in either unit of TEAD. Potentially
occurring mammal species are predominantly small rodents and bats. Some of the smaller
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animals are residents while others atv temporary visitors to the site. Twenty-five migrant
bird species, including the golden and bald eagles, and 41 resident species could occur on
TEAD-N. Fedeml “candi&te” species include the fermginous hawk, peregrine falcon,
snowy plover, and long-billed curlew.

Potential risks to wildlife species were not considered in this PBRA. However, the ongoing
RI investigation includes collecting data that will be presented in the BRA of the RI report.

3.2 EXPOSUREPA~AY IDENTIFICATION

Potential human-exposure pathways for TEAD-N were identifkd for current and future land
use scenarios. A complete pathway includes a chemical source/release, retention or transport
medium, exposure point, and route of exposure. Potential human-exposure pathways
include:

● Ingestion, dermal contact, and inhalation of sight-dated chemicals in groundwater.

● Ingestion, dernral contact, and inhalation of volatile organic chemicals in surface soil and
groundwater.

The potential human-exposure pathway for VOCS in soil or grnundwater is through
inhalation. Permanent surface water is not present on ‘I’EAD-N. Conceptual site models are
shown in Appendix H.-------

3.2.1 Current Land Use

3.2.1.1 Soil

Under current land use, exposure to soil contaminants can potentially occur through derrnal
contact, ingestion, and inhalation of particulate. The dermal and ingestion pathways apply
to both industrial-worker exposure to chemicals from sites on the eastern third of the base
(Sites/SWMUs 2/30, 12/14/15, 17, 29, 32) and the site-specitlc-worker exposure at sites on
the centml and western portions of the base (Sites/SWIvfUs 1, 3, 7, 10/11). Sites/SWMUs
3, 7, 10/11 arc inactive and, therefore, not considered under the curmmt on-site exposure
scenario. Because of the absence of airborne particulate concentrations, exposure to soil
contaminants through inhalation of particulate could not be evaluated. Collection of this
data is scheduled and will be included in the BRA.

3.2.1.2 Groundwater

Exposure to contaminants from groundwater can potentially occur from ingestion, dernud
absorption, and inhalation pathways. Ingestion of groundwater can occur through

-. consumption of water from community water wells from Grantsville (Wells 1, 2, and 3) (see
Figure 3-2) or fmm other receptor wells (OY, 10, 12 and 16) downgra.dient from the site.
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The locations of these wells are shown in Figure 2-3. Dermal contact and inhalation of
volatiles during showering or bathing are other possible exposure pathways. For this PBRA,
it was assumed that the groundwater pathway was complete for off-site receptors at
downgradient wells 1, 2, 3, OY, and 12 (see Figure 2-3), although these latter two wells are
thought to be used for livestock watering or other non-consumptive uses, and it is uncertain
that groundwater plumes from the site reach these wells. Exposure while showering or
bathing was not developed in this preliminary screening evaluation, but is planned for
collection and evaluation in the BRA.

According to TEAD-N personnel, water supply wells WW-1, WW-2, and WW-3 in the
mairttemnce area of the TEAD-N are currently used to supply water for process and
consumptive uses in the maintenance and administrative areas of the depot.

Well WW-4 supplies water in the southwestern portion of TEAD-N for both process and
human cortmrnption uses; WW-5 is used intermittently at the fwing range, primarily for non-
consumptive uses, such as toilets (see Figure 3-2). The water supply system at TEAD-N is
an approved public water-supply system regulated by the State of Utah. The system is
chlorinated at the well head. Charcoal filters and reverse osmosis units are installed at each
water fountain. The system meets State of Utah requirements; therefore, the groundwater
pathway for on-site worker exposure is considered incomplete under current use conditions.
Resuks of the most recent monitoring of the water-supply system will be evaluated and
discussed as part of the Draft BRA for TEAD-N (see Appendix G).

-
3.2.1.3 Air

In the current-use scenario, the inhalation pathway is considered for on-site exposure to
workers in the industrial area and residents and school facilities in the administrative area;
and is considered for off-site exposure to receptors in the communities of Grantsville,
Stockton, and the City of Tooele. Air emissions for the pathway to the on-site industrial
receptor were modeled based upon surface-soil concentrations of volatiles at Sites/SWMUs 2,
29 and 30. Air emissions for the inhalation pathway for receptors at each of the three
neighboring communities were modeled based upon surface-soil concentrations of volatile
from all sites at the TEAD-N.

3.2.2 Future Land Use

3.2.2.1 Soil

Atiture residential scemrio isassurned fordetmal exposure and irtgestion pathways for
fiidetie industial area and forhdividual sites ouNidetie industialarea (l, 3, 7, 10/11).
Duetoa cap at 2,demal exposure andtigestion patiways arecomidered to beticomplete
at that site. No data are avaiIable for airborne particulate concentrations so exposure via this
could not be developed for either on-site or off-site receptors. Both dermal exposure and
ingestion pathways are considered to be complete for on-site industrial workers.
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3.2.2.2 Gmundwater

- Exposure togmundwater via ingestion, dermal absorption, orirtbalation ofvolatiles can
occur forhypothetieal on-site residents at Sites/SWMUs 1, 2, 10/11 and in the industrial
area, and for residents inneighboring off-site communities. Groundwater maybe ingested
by residents through drinking water from future on-site wells and from downgradient

~eptorwe~s off-site. fiposure from showefig or bathing by on-site residents arrdby
residents of neighboMg communities was not developed fortbis PBRA, but willbeincludcd
in the BRA of the RI report.

On-site industrial-worker exposure to groundwater is considered an incomplete pathway for
the future use scenario. Forpurposes ofthis PBR4, itisassumed that the water supply from
Wells WW-l, WW-2, and WW-3 will continue to undergo chlorination, which is the only
treatment prior touse or consumption. Water from thetbrce supply wells is held ina
storage tank prior toreiease into the distribution system. Water-quality amdyses for Wells
WW-1 and WW-3 andacomposite ofallthrce wells indicate that thewater supply meets
MCLS (see Appendix E).

3.2.2.3 Air

For the future-use scenario, the inhalation pathway is considered to be complete for
postulated on-site residents at Sites/SWMUs 1, 10/11, and in the industrial area at locations
where volatiles were detected in surface soils. The inhalation pathway for industrial workers-
in the future scenario is assumed to be identicrd with current-use exposure. Air emissions at
each on-site residential receptor are modeled based upon surface-soil concentrations of
volatiles at each site.

3.2.3 Exposure Pathway Summary

Human-exposure pathways considered to be complete for this PBRA are:

●

●

●

●

Dermal contact with and ingestion of on-site soils by industrial workers.

Dermal contact with and ingestion of on-site soils by workers and hypothetical future
residents at spec~lc sites on eastern, central, and western portions of TEAD-N.

Groundwater ingestion from downgradlent welk by off-site residents and from future on-
site wells by hypothetical future on-site residents.

Inhalation of volatile orgarrics from surface soils by on-site residents, off-site residents,
on-site workers, and hypothetical future on-site residents.
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Exposure pathways that were not developed are

●

●

●

●

Inhalation of particulate by off-site residents, on-site workers and hypothetical on-site
residents.

Groundwater ingestion by on-site workers.

Derrmd contact and inhalation of volatiles while showering or bathing.

Consumption of locally raised beef.

Lack of available site-specific information and data precluded the development of all possible
pathways in this PBRA. These pathways will be developed, as appropriate, in the BRA.

3.3 DERIVATION OF EXPOSUREPOINT CONCENTRATIONS

Existing data from previous reports were used to estimate exposure concentrations for
chemicals of concern in surface soil, groundwater, and air. Maximum chemicat
concentrations were used for this PBRA to estimate maximum-screening-level exposures at
alt sites, and average chemical concentrations were also used at 2 and the industrial area.
Estimated exposure-point concentrations are presented in Tables 3-2 through 3-7 for current
and future land-use scenarios. Appendix I provides the detection limits of the analytical
methods used for this investigation.

3.3.1 Current Land Use

3.3.1.1 soil

Exposure-point concentrations for surface-soil ingestion and dermal contact by on-site
industrial workers were the maximum reported concentrations at each site, as well as the
average concentrations at 2 and the industrial area.

3.3.1.2 Groundwater

Exposure-point concentrations for groundwater at off-site receptors were derived by modeling
the appropriate maximum concentration of chemicals from on-site wells or well groups that
were estimated to contribute to a groundwater plume reaching respective receptors.
Exposure-point concentrations are estimated to be a small fraction (less than 1 percent) of the
maximum concentration of the constituents modeled for each site. Details of the
groundwater modeling are presented in Appendix B.

Wells 1, 2, 3, 10 and 16 (see Figure 2-3), located at respective downgradient distances of
39,000, 33,000, 37,500, 31,500 and 28,500 feet from the source, were modeled as receptors
for site-related chemicals derived from 1. Well OY, 28,000 feet downgradient,
was modeled as a receptor for Sites/SWMUs 10/11, and Well 12, 19,000 feet downgradient,
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Table 3-2. Swj%ce Soil Erposure-Point Concentrm”ons
Current Use Industrial On-site Worker
and Future On-Sile Residential

On-Site Worker & Future Residential
Constituent Industrial

1 3 7 10/11 (17,29,32)

Max. Max. Max. Max. Max. Avg.

Barium

Beryllium

Cadmium

Chromium

Fluoride

Lead

Mercury

Nickel

Nitrate/Nitrite

Silver

~- zinc

Anthracene

Benzo(a)anthracene

Benzo(l)fluomnthene

Benzo(a)pyrene

Bis(2-ethylhexyl)phthalate

Carbon tetrachloride

Chrysene

cis-1 ,2-dichlorobenzene

Dibutyl-phthalate

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

1, l-Dichloroethane

2,4-Dirnethylphenol

2 ,4-Dtitrotoluene

2,6-Dinitrotoluene

30.7

ND

0.7
NC(.)

NA

NC

NC

ND

NA

ND

ND

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

1.2

1

N-D(a)

NA

ND

30.7

NA

ND

ND

NA

NA

ND

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA(b]

0.51

3.2

NC

6.5

NC

ND

26.9

ND

ND

2,000

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

NA

NA

NA

NA

ND

ND

39.8

ND

ND

NC

ND

NC

ND

NC

60.8

0.02

16.2

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

NA

NA

NA

NA

8.2

ND

ND/NA(C) 603

ND/NA ND/NA

3.3 1.5

33.2 20.1

NA NA

NC NC

NDINA ND/NA

81 NC

NA NA

ND/NA NLYNA

1,030 558

ND/NA ND/NA

0.5 0.42

0.6 0.6

0.66 0.55

ND/NA ND/NA

ND/NA NIYNA

1.65 0.9

NIYNA NDINA

ND/NA ND/NA

ND/NA ND/NA

ND/NA ND/NA

ND/NA NDINA

ND/NA ND/NA

NJYNA ND/NA

NA NA

NA NA
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Table 3-2. S@ace Soil Erposure-Point Concentrm”ons
Current Use Indusm’al On-Site Worker
and Future On-Site Residential (concluded)

On-Site Worker & Future Residential
Constituent

Industrial
1 3 7 10/11 (17,29,32)

Max. Max. Max. Max. Max. Avg.

Ethylbenzene

Fluorarrthene

HMX

Naphthalene

Phenanthrene

PC13 1262

Pyrene

Tetrackloroethylene

1,1, l-Trichloroethane

‘“ Trichloroethylene

1,3 ,5-Trinitrobenzene

2,4,6-Trinitrotoluene

Toluene

m-XyIene

o-Xylene

p-Xylene

NA NA

NA NA

13 NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

ND NA

52 NA

NA NA

NA NA

NA NA

NA NA

NA

NA

ND

NA

NA

NA

NA

NA

NA

NA

ND

ND

NA

NA

NA

NA

NA

95.2

ND

NA

NA

NA

NA

NA

NA

47

20,733

NA

NA

NA

NA

0.61

NA

ND/NA

28

0.214

5.4

ND/NA

NIYNA

5.63

NA

NA

ND/NA

ND/NA

ND/NA

NA

0.61

NA

ND/NA

28

.092

3.5

ND/NA

ND/NA

5.63

NA

NA

NDINA

ND/NA

ND/NA

NA NA ND/NA ND/NA

bNA = not applicable.

‘NC = Not a chemical of concern.

Note. —Concentrations are the maximum or average value (ii mg/kg) detected at a site. Chemicals for Sites/S WMUs 17

and 32 were not smdyzed; chemicals for 29 were not deteeted,

37



Table 3-3. Groundwater.?3posure-Point Concentrm”ons
Current Off-Site Residential

Site/SWMU

Constituent (ud) 1 2/30,12114/15,29 10,11
.-.

Arsenic

Beryllium

Cadmium

Chromium

‘Copper

Fluoride

Manganese

Nickel

Nitrate

Thallium
Betrzyl Alcohol

Bis(2-ethylhexyl)phthlate

Cyclooite (RDX)

Carbon Tetrachloride

1,2-Dicldorobenzene

- 1,3-Dichlorobenzene

1,4-Dichtorobenzene

1+1-Dichloroethane

2,4-Dirritrotoluene

HMx

2-Methyl-4,6-Dtitrotrophenol

Phenol

1,3 ,5-Trinitrobenzene

2,4,6-Trirritrotoluene

Trichloroetbylene

1,1,1 -Trichloroethane
ND = not detected.

bNA = not applicable.

‘NM = not modeled. Chemical concentrations were below MCLS, therefore, they were not modeled for the site.

Note. —Concentrations, represent modeled values based on grnundwater discharging from site to off-site receptor wells
(WC Appendix B).

ND(*)

NA~)
NM(c)

NM

ND

NA

NA

ND

2.7

ND
NA

NA

ND

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

ND

NA

0.005

0.002

0.133

0.007

NM

1.1

0.039

NM

NA
NA

0.105

0.005

0.008

0.005

0.005

0.005

0.03

NA

NA

NA

NA

NA

NA

0.048

0.04

0.0368

ND

ND

NM

0.0111

2.03

NA

NM

20.82

0.005
0

0

0.05

NA

NA

NA

NA

NM

0.01

0.01

0.01

0

0.03

0.01

NA

NM
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Table 3-4. M.uimum Groundwater Erposure-Point Concentrations
Future On-Site Residential

Constituent @g/l) 1 2 10, 11 12,14,15,29,30

INORGANIC

Arsenic ND(*)

Barium 133

Beryllium NA

Cadmium 120

Chromium 18.0

Copper ND

Fluoride NA

Iron NA

Lead ND

Manganese NA

- Nickel ND

Nitrate 17,500

Silver ND

Sodium 36,000

Thallium ND

zinc 300

ORGANICS

Benzene NA

Benqd Alcohol NA

Bis(2-ethylhexyl)phthalate NA

Carbon tetracfdoride NA

Chloroform NA

Cycloalkanes NA

5.0

NA(b)

NA

12.0

40.0

16.0

NA

1,600

8.0

5,400

NA

ND

ND

NA

ND

880

ND

NA

NA

20.0

ND

NA

110

94.0

ND

ND

15.0

33.0

6,640

NA

46.0

NA

33.0

264,000

0.6

296,000

3.4

90.0

NA

8.0

10.0

NA

2.0

NA

22.0

1.6

1.6

15.0

720

220

1.1

1,200

45.1

87.0

294

10.0

2.5

196

NA

1,900

0.8

NA

790

41

5.0

60.06
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Table 3-4. Groundwater fiposure-Point Concentration
Future On-Site Residential (continued)

Constituent (pg/1) 1 2 10, 11 12,14,15,29,30

ORGANICS. continued

Cyclonite (RDX)

1,2-Dichlorobetrzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

1, l-Dichloroethane

1,1-Dichloroethene

trans- 1,2-Dichloroethylene

2,4-Dinitrotoluene

Ethylbenzene

‘v 2-Methyl-4,6-Dinitrophenol

Phenol

Tetrachloroethylene

Toluene

1,1, l-Trichloroethane

Tricbloroetbylene

1,3 ,5-Trinitrobenzene

2,4,6-Tritritrotoluene

m ,p-Xylenes

ND

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

ND

NA

NA

NA

o-Xylenes NA
ND = not detected.

NA

0.8

0.2

0.4

150

2.9

NA

NA

0.6

NA

NA

0.3

1.2

200

250

NA

NA

3.8

1.0

160 8.5

NA ND.NA

NA ND/NA

NA ND/NA

NA ND/NA

NA 5.0

NA 2.6

20.0 NA

NA ND/NA

27.0 NA

3.0 NA

NA ND/NA

6.0 5.0

1.8 5.0

NA 140

100 NA

37.4 NA

NA NA

NA 1.5

bNA = not applicable.
Note. —Chemicsh ins 12/14/15 snd 30 were not detected. Chemicsls in Site 29 were not adyzed.

.. .
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Table 3-5. Air &posure-Poiru ConcentrM”ow
CWrrent On-Site Industrial Sites/SMKJs 29/30

Chernieal Concentration

Benzo(a)anthracene 5.10 E-l]

Benzo(a)pyrene 5.69 E-09

Benzo(k)fluoranthene 7.33 E-14

Carbon tetrachloride 7.24 E-06

Chrysene 1.20 E-12

Ethylbenzene 2.33 E-07

Fluoranthene 2.38 E-08

Phenanthrene 1.26 E-07

Pyrene 2.55 E-11

Tetrachloroethylene 7.24 E-06

Toluene 6.12 E-06

1,1, l-Tnchloroethane
L

2.08 E-05

Tnchloroethylene 5.69 E-08
Note.—Concentratmmare model MI values m the mdustnal area, based on sod concentratmn,s at the sks

(see. Appendix A).
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Table 3-6. Air Ezposure-Poim Concentran”on.r
Current Residential: GrantsvWe, Tooele,
and Stockron, On-Site

Chemical Concentration (mg/m’) .

Grantsville Tooele Stockton On-Site Housing

Benzo(a)antbracene 1.11 E-n 9.38 E-11 1.57 E-11 1.04 E-10

Benzo(a)pyrene 1.08 E-09 9.12 E-09 1.53 E-09 1.16 E.08

Betuo(k)Fluoranthene 2.33 E-13 1.96 E-13 3.28 E-13 1.50 E-13

Carbon tetrachloride 2.95 E-06 1.08 E-05 1.92 E-06 4.55 E-06

Chrysene 3.65 E-13 3.08 E-12 5.15 E-13 2.45 E-12

2,4-Dinitrotoluene 1.10 E-07 1.55 E-07 1.69 E-07 4.20 E-07

2,6-Dinitrotoluene 1.48 E-07 7.40 E-08 1.01 E-07 1.54 E-07

Ethylbenzene 9.59 E-08 3.52 E-07 6.26 E-08 1.48 E-07

Fluoranthene 4.52 E-09 3.81 E-08 6.38 E-08 4.84 E-08

HMx 2.42 E-15 3.29 E.15 3.63 E-15 5.14 E-15

- Phenarrthrene 2.41 E-08 2.03 E-07 3.40 E-08 2.56 E-07

Pyrene 7.07 E-12 5.69 E-n 9.98 E-12 5.18 E-11

Tetrachloroethylene 2.98 E-06 1.09 E-05 1.95 E-06 4.59 E-06

Tetryl 3.93 E-12 1.97 E-12 2.67 E-12 2.91 E-n

Toluene 2.51 E-06 9.20 E-06 1.64 E-06 3.89 E-06

1,1,1 -Tricbloroethane 8.57 E-06 3.14 E-05 5.59 E-06 1.32 E-05

Tricbloroethylene 3.94 E-02 4.84 E-02 1.13 E-02 2.35 E-O?

1,3,5-Trinitrobenzene 4.90 E-06 7.34 E-06 7.96 E-06 2.02 E-05

2,4, 6-Trirdtrotoluene 2.71 E-06 4.06 E-06 4.40 E-06 9.97 E-06
Note.—Concentratmnsare modeled values at the town boundanes, bas ed on sod concentrations at all sites

combmed (s.% Appendix A).
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Table 3-7. Air Erposure-Poiru Concentrm”ons
Future On-Site Residential
Sires/SUMUs 1, 10/11, and 29

Concentrations (mg/m3)

Chemical Site 1 Sitea 10, 11 Site 29

Benzo(a)artthmcene 3.38E-11

Benzo(a)pyrene 3.29E-09

Benzo(lc)fluoxanthene 7.07E-14

Chrysene 1. IIE-12

2,4-Dinitrotoluene

2,6-Dinitrotoluene

3.55E-08

5.05E-07

1. 18E-07

HMx

L Pherrarrtbrene

Pyrene

1.44E-15

1.37E-08

2.43E-15

7.31E-08

2.15E-11

1,3,5-Trinitrobenzene 5.79E-06

2,4,6-Trinitrobenzene 1.84E-08 3. 19E-06 ~~
Note.—Concentrat1ons are modeled values at the sites, based on soil ccmcent rat mns at the SItcs. Based on a 30-

year average omission rate, an average wind speed of 4.2 III/S (10 mph) (See Appendix A).
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was modeled as a nxeptor for chemicals derived from the TEAD-N industrial area
(Sites/SWMUs 2/30, 12/14/15, and 29). Water quality data through 1988 indicate that Well
12 was approximately 2,000 feet dowrrgradient of the trichloroethylene (TCE) plume (James
M. Montgomery, 1988). TCE was the most widespread organic contaminant detected in the
groundwater samples. Contaminant plumes downgradient of other sites/SWIvfUs have not
been currently defined.

3.3.1.3 Air

Exposure-point concentrations for volatile organics derived from on-site soiI were modeled to
off-site receptors at the closest boundaries of Gxantsville, the city of Tootle, and Stockton,
using a screening-level dispersion model. The air-quality impacts used in the inhalation
pathway were estimated with conservative screening methods. The levels of conservatism
and the length of the averaging periods do not allow for differentiation between “reasonable
maximum” and “reasonable average” air impacts. Therefore, a single set of estimated 10-
year-average and 30-year-avesage impacts are used to represent both the reasonable
maximum and average concentrations. Exposure-point concentrations for on-site industrial
workers were estimated using the box-model approach. Details of the estimation of emission
rates from surface soils and dispersion modeling are described in Appendix A.

3.3.2 Future Land Use

--
3.3.2.1 Soil

Exposure-point concentrations for dernral contact and surface-soil ingestion by hypothetical
future residents on TEAD-N were the maximum reported concentrations at each site, as well
as the average concentrations at Site/SWMU 2 and the industrial area.

3.3.2.2 Groundwafer

For hypothetical future residential on-site exposure, maximum concentmtions of the
chemicals determined from an examination of on-site well data were used as exposure-point
concentrations for Sites/S WMUs 1, 2, 10/11, and the industrial area to represent reasonable
maximum exposure. Average concentrations of chemicals were also used as exposure-point
concentrations for Site/SWMU 2 and the industrial area to represent average exposure.

3.3.2.3 Air

Exposure-point concentrations for volatile organics were modeled, as described in Section
3.3.1, for hypothetical on-site residents.
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3.4 DEVELOPMENT OF CHEMICAL INTAKES

Chemieat-spec~lc intakes or CDI we”iecalculated for the exposure pathways identifkd for
quantitative evaluation in Section 3.2. The equations used to determine these exposures and
the assumptions employed in the equations are discussed below for the current land use
scenario and in section 3.4.2 for the future land use scenario.

3.4.1 Current Land Use

3.4.1.1 On-Ssle Industrial Worker

3.4.1.1.1 Soil/Zngeets”on. The intake equation for ingestion of chemicals in soil by workers
in the industrial area of TEAD-N is presented in Table 3-8. The soil-ingestion rate (0.05
grams/day) is the standard default value derived by USEPA (1991) for commercial/irrdustnal
land use. The fraction ingested from a chemical source is 1.0, calculated under the
assumption that all soit ingested by industrial workers is derived from the contaminated sites
in the industrial area. The exposure frequency of 250 days per year is the standard EPA

default value for commerciallindustriat land use. Faculty members at the high school were
assumed to be exposed 200 days out of the year. A worker is assumed to remain at TEAD-
N for 10 years (average case). The standard default pammeters of 70 kilograms for adult
body weight (154 pounds) and 70 years for average life span are used (USEPA, 1991). In
keepirrg with current USEPA guidelines (1989), the avesaging time used for carcinogens is

+ 70 years and, for non-carcinogens, is the applicable exposure duration, which in this case is
10 years. The difference in averaging times relates to the different mechanisms of action for
carcinogens and non-carcinogens, based on the assumption that a higher dose of a carcinogen
received over a shorter period of time is equivalent to a corresponding lower dose spread
over a lifetime (USEPA, 1989).

3.4.1.1.2 Soil/Demral Contact. PotentiaJ exposures of on-site industrial workers through
dermat contact with chemicals in the soit were calculated using the equation in Table 3-9.
Exposure factors used are based on conservative estimates of soil-to-skin adherence and skin
absorption. Skin-surface area used is based on 50th-percentile vatues for head, hands, and
forearms of adult males. Exposure frequency and duration are based on the factors discussed
above for soil ingestion.

3.4.1.1.3 Air/Znhalotion of Votiles Jivm Soil. Exposure associated with inhalation of
volatilized chemicals released from soil in the industrial area was estimated for workers using
the equation shown in Table 3-10. The standard default vahse of 2.5 m3 per hour was used
for irrdustriat-worker inhalation (USEPA, 1991). An exposure time of 10 hours per day and
frequency of 200 days per year are based on the 4-day workweek followed at TEAD-N.
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Table 3-8. Occupational Exposure: Ingestion of Chemicals in Soil
Reasonable Marimum and Average Erposure LeveLr

Intake(mg&@zy) . CSXIRXFI XEFXEDXCF
BW X AT

Cs =
IR=
FI=
EF=
ED=
CF =
BW =
AT =

Concentrations of Chemical in Soit (mg/kg)
Adult Ingestion Rate (0.05 g/day; U.S. EPA 1991)
Fraction Ingested from Chemical Source (1 .0)
Exposure Frequency (250 days per yeaG U.S. EPA, 1991)
Exposure Duration (10 years; based on site-specKlc information)
Conversion Factor (103 kg/g)
Adult body Weight (70 kg; U.S. EPA, 1991)
Averaging time (25,550 days for carcinogens = 70 year lifetime X 365
days/y~ 3,650 days for noncarcinogens = exposure duration x 365 days/year)

Table 3-9. Occupational ,?irposure: Dernud Contact with Chemicals in Soil
Reasonable Maximum and Average Exposure Levels

Absorbed Dose(mg/kg-aby) = CSXSAXAF XABSXEFXEDXCF

BW X AT

Where:

Cs =
SA =
AF=

ABs =

EF=
ED=
CF =
BW =
AT =

Concentrations of Chemical its Soil (mg/kg)
Skin Surface Area Available for Contact (3100 cmz; U.S. EPA, 1990)
Soil to SkissAdherence Factor (2.11 mg/cm2; Expos. Factors Handbook U.S.
EPA, 1988) Superfund Exposure Assessment Manual
Adult Skirt Absorption Factor (0.001 for metals; 0.4 for organics; U.S. EPA
recommendations)
Exposure Frequency (250 days per yeac U.S. EPA, 1991)
Exposure Dusation (10 years; based on site-specific information)
Conversion Factor (10-’ kg/mg)
Adult Body Weight (70 kg)
Avesaging Time (25,550 days for carcinogens; 3,650 days for noncarcinogens)
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Table 3-10. Occupational Erposure: Inhalation of VokzrilesJ-em Soil

Inrahz(mglkg-day) =
CA XIRXETXEFXED

BW X AT

Where:

CA = Exposure Point Concentration in h (mg/m3)
IR = Adult Inhalation Rate (2.5 m3/houc U.S. EPA, 1991)
ET= Exposure Time (10 ho&/work&y~ U.S. EPA, 1991)
EF= Exposure Frequency (200 days per yeaq U.S. EPA, 1991)
ED= Exposure Duration (10 years; based on site-specflc information)
BW = Adult Body Weight (70 kg)
AT = Averaging time (25,550 days for carcinogens; 3,650 days for noncarcirrogens)

3.4.1.1.4 Chemical Intakes. CDI calculated for each of the three exposure pathways for
the on-site industrial exposure scenario are contained in Tables 5-1, 5-2, 5-3, 5-11, 5-12, and

L 5-13 (see section 5.0).

3.4.1.2 Site-Specific Worker

The same intake equations used for the on-site industrial scenario are used to calculate
potential exposures for site-specific workers. CDI are shown in Tables 5-4 and 5-14 (see
Section 5.0).

3.4.1.3 On-Site Resident

CDI are shown in Tables 5-7 and 5-17,

3.4.1.4 Off-Site Resident

3.4.1.4.1 Groundwater Ingestion. Exposure due to ingestion of groundwater containing
site-related chemicals by residents living near TEAD-N was calculated separately for children
and adults, based on the different ingestion mtes and body weights for these groups (see
Table 3-1 1). The reasonable maximum exposure (RME) is represented by 90th-percentile
values for ingestion mte (USEPA, 1990) and standard-default values for child and adult
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weight and exposure frequency (USEPA, 1991). An exposure duration of 30 years is used,
which represents the national upper-bound number of years spent by individuals at one
residence (USEPA, 1990).

For the average exposure (see Table 3-12), exposure duration of 9 years and an adult
ingestion rate of 1.4 liters/day (USEPA, 1991) are used.

3.4.1.4.2 Air/Inhtion of Vohiles jhm Soil. Inbatation exposures to vapor emissions in
ambient air in the three communities near TEAD-N (i.e., Grantsville, Tooele, and Stockton)
were estimated separately for children and adults, based on their different inhalation rate,
body weight, and exposure time. The intake equation is shown in Table 3-12. The
frequency of exposure and body weights are the same used for the groundwater-irrgestion
pathway. Children are assumed to breathe at a rate of 0.625 m3 per hour (NCRP, 1985),
assuming they get 10 hours of rest and 14 hours of active play each day. The standard-
default adult-inhalation rate of 0.83 m3per hour is used (USEPA, 1991). An adult exposure
time of 16 hours per day is based on the time spent at home as reported in time-use studies
(USEPA, 1990). The child exposure time (i.e., 20 hours per day) is a reasonable maximum
estimate based on the adult-exposure time. Concentrations of vapors indoors and outdoors
are assumed to be equivalent, representing a worst-case scenario. his conservative
approach is in keeping with the preliminary nature of this risk assessment, in particulu the
limited database upon which modeled air concentrations are based.

Table 3-11. Residential Erposure: Ingestions of Chemicals in Dn”nkingWaler

CW x IRCX EFCX EDC
Intake(mg/kg-day)=

CW x IRe X EFa X ED.

BWCX AT + BWa X AT

Where:

Cw =
~.
EFc =
ED. =
Bw. =
1~ =
EFa =
ED, =

BWa =

AT =

Chemical Concentration in Water (mg/liter)
Child Ingestion Rate (1 liter/day; U.S. EPA, 1990 Exp. Factors Handbook)
Child Bxposure Frequency (350 days/year)
Child Exposure Duration (6 years time at one residence)
Child Body Weight (15 kg; 1991)
Adult Ingestion rate (2 liters/day; U.S. EPA, 1990)
Adult Exposure Frequency (350 days/year)
Adult Exposure Duration (24 years, assumes 30 years at one residence with 6
years spent as a child)
Adult Body Weight (70 kg)
Averaging time (pathway specitic period of exposure: 25,550 days for
carcinogens; 10,950 days for non-carcinogens)
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Table 3-12. Residemial Exposure: Ingestion of Chemicals in Drinking Water
Average Exposure Level

CW x IRa x EFa X EDO
Inrake(mg/kg-aizy) =

BWa x AT

Where:

CW = Chemical Concentrations in Water (mg/liter)

~ = Adult Ingestion rate (1.4 liters/day; U.S. EPA, 1990)
EFa = Adult Exposure Frequency (350 days/year)
ED, = Adult Exposure Duration (9 years, assumes 30 years at one residence with 6 years

spent as a child
BW, = Adult Body Weight (70 kg)
AT = Averaging time (pathway specific period of exposure: 25,500 days for

carcinogens; 3,285 days for noncarcinogens)
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3.4.1.4.3 Chemical Intakes. CDI calculated for off-site residential exposure via
groundwater ingestion and volatile inhalation are shown in Tables 5-5, 5-6, 5-8, 5-9, 5-10, 5-
15, 5-16, 5-18, 5-19, and 5-20 (see Section 5.0).

3.4.2 Future Land Use

3.4.2.1 On-Srle Industrial Worker

The exposure pathways and intakes for the on-site industrial scenario are the same under
future use as those presented in Section 3.4.1 for current land use.

3.4.2.2 Site-Specr@c Worker

The exposure pathways and intakes for the site-specific worker scenario also are the same as
those for the current Iand use.

3.4.2.3 On-Site Restient

3.4.2.3.1 Soil/Ingestion. The intake equation for residential soil ingestion (Table 3-13)
accounts for the difference between child and adult rates of soil ingestion (i. e., children

L typically ingest much more soil than adults). Exposure is calculated as a weighted average of
child and adult exposures, based on different ingestion rates and body weights.

A child ingestion rate of 0.2 grams per day and an adult ingestion rate of 0.1 grams per day
are standard default factors (used for RME level calculations), as are an exposure frequency
of 350 days per year and a 30-year length of residence (exposure duration) at one residence
(USEPA, 1991). Average exposure-level calculations assume a 10-year length of residence
(USEPA, 1991). The fraction of soiI ingested from chemical source is 1.0, which assumes
all soil ingested by potential residents of a site would come from that site.

3.4.2.3.2 Soil/Dermal Contact. Residential exposure due to skin absorption of site-related
chemicals from surface soil is calculated sepamtely for children and adults because they have
different body weights, skin-surface areas available for contact, and skin-absorption factors.
Exposure factors used in the intake equation (see Table 3-14) are based on conservative
estimates of soil-to-skin adherence, skin absorption, and duration of exposure. Different
absorption factors are used for metals and organics. Exposure frequency (i.e., 350
days/year) is a standard default factor (USEPA, 1991). Skin-surface areas used are 50th-
percentile values for the body parts representing the reasonable worst case: head, hands,
forearms, and lower legs for children and heads, hands, and forearms for adults (USEPA,
1990).
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Table 3-13. Residential fiposure: Inhalation of Volatiles From Soil
Reasonable Marimum and Average INposure Level.r

CA x IRCX ETCXEFCXEDC
Inrake(mg/kg-sky) .

CA X IROX~a X EFUX ED.
+

BWCX AT BWa X AT

Where:

CA = Exposure Point Concentmtion in Air (mg/m3)
~ = Child Inhalation Rate for 1 to 6 year old (0.625 m’/~ NCRP, 1985)

= Child Exposure Tme (20 hours/day)
EF: = Frequency of Child Exposure (350 days/yeaq U.S. EPA, 1991)
EDc = Duration of Child Exposure (Reasonable Maximum Exposure, 6 years; Ave3age

Exposure, o years)

L- BW$ = Child Body Weight (15 kg)

~ = Adult Inhalation Rate (0.83 m’hq U.S. EPA, 1991)
ET, = Adult Exposure Time (16 hours/day; U.S. EPA, 1990)
EFa = Frequency of Adult Expaure (350 days/yw U.S. EPA, 1991)
ED. = Duration of Adult Exposure (Current On-Site, 4 years; Future On-Site and Off-

Site, 24 years for Reasonable Maximum Exposure and 9 years for Average
Exposure)

BWC = Adult Bndy Weight (7O kg)
AT = Average Tme (25,500 days for carcinogens; 10,950 days for noncarcinogens,

Reasonable Maximum Exposure; 3,285 days for noncarcinogens, Average
Exposure)
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3.4.2.3.3 Gruundwater Zngesn”on. The intake equation (see Table 3-8) is the same as that
used for residential-groundwater ingestion in Section 3.4.1, Currmrt Land Use. AU of the
exposure parameters remain the same.

3.4.2.3.4 Air/Znhafaiion of VoLztifesfrom Soil. Estimated chemical intake by inhalation of
volatiles from soil by potentiat future residents of the site is calculated by means of the same
equation and parameters (see Table 3-12) used for residential inhalation of volatites by off-
site residents under current land use.

3.4.2.3.5 Chemicol Zntukes. CDI for the four pathways evaluated for potential on-site
residents are presented in Tables 5-21 through 5-43.

3.5 UNCERTAINTY

Uncertainty in the exposure assessment derives, in part, from the incomplete characterization
of affected media and the extent of contamination at some waste sites. Exposure-point
concentrations could not be calculated for all complete pathways because of data timitations
such as no retiable air-particulate concentmtions and no appropriate site meteorological data.
Particulate monitoring will be done and incorporated in the Draft BRA.

Uncertainty in derivation of exposure-point concentrations is inherent in emission rate and+
transport assumptions, both of which are necessary for input into the transport models for
chemicals in air and groundwater.

The applicabfity of selected models for given exposure scenarios causes uncertainty and
diminishes confidence levels of modeled output.

In the calculation of chemical intakes, it was necessary to estimate several parameter values
for use in the intake equations, in particulw soil adherence and absorption factors for
derrnal absorption of site-related chemicals in soil, exposure times for residential inhalation
of volatiles, and fractional amounts of soil ingested from chemical source. Soil adherence
and absorption factors as well as inhalation exposure times were derived from typical values
found in the literature. The conservative estimate of fractional amounts ingested assumes
that atl ingested soil is from the site. A number of other exposure parameters are standard
default values supplied by USEPA for use at locations where site-spcciflc exposure
information is not available. These include exposure frequencies for contact with soil,
groundwater, and *, soil and groundwater ingestion rates; and inhalation rates.

Although the eastern portion of the site is expected to remain industrial for the reasonably
foreseeable future, a future residential scenario was developed for the PBRA. Because future
residential use is an unlikely scenario, resultant risk estimates may be an overestimate of risk
posed by thk portion of the site.
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4.0 TOXICITY ASSIEWMENT

An overview of the toxicity of the chemicals of concern is given in this section. Toxicity
profdes that more completely chsmcterize the health effects of these chemicals, as well as
their environmental fate and behavior in biological systems, arc provided in Appendix D.

4.1 CARCINOGENS

The U.S. Environmental protection Agency @PA) classifkation system, based on the
strength of evidence that a chemical is a human carcinogen, places each chemical into one of
the following classes: A—sufficient human evidence; B1—limited human evidence but
sufficient animal evidence; B2—inadequate human evidence but sufficient evidence in animals
(both considered probable carcinogens); C—no evidence in humans and Iimited evidence in
animals; D—no adequate data (non-class~lable); and E-evidence of noncarcinogenicity.
Table 4-1 summarizes the carcinogenic class~lcations for the chemicals of concern.

The EPA’s Carcinogen Assessment Group calculates slope factors-estimates of the excess
cancer risk due to continuous exposure to a chemical throughout the course of a 70-year
lifetime-for suspwted carcinogens. Slope factors for the chemicals of concern that are
carcinogens arc shown in Table 4-1. A number of these chemicals do not currently have
verit%d slope factors because they have either not been determined or have not been
evaluated by EPA. Oral slope factors are used for ingestion pathways.

-

4.2 NONCARCINOGENS

The primary toxic effects of most of the organic noncarcinogenic compounds of concern
occur in the liver andlor kidneys. These effezts are often combined with central nervous
system depression. Critical effects for inorganic chemicals occur in the blood and the
thyroid, cause a decrease in weight, and affect the central nervous system.

Reference doses (RfDs) developed by the EPA are estimates of the daily dose of a chemical
to which humans, including sensitive subpopulations, can be exposed without an appreciable
risk of deleterious effects during a lifetime. The basis of an RfD is usually the highest level
tested in animal experiments at which no adverse effects were demonstrated (i.e., NOAEL or
No Observed Adverse Effect Level). The NOAEL is divided by uncertainty and modifying
factors to obtain an RfD. Verifkd RfDs, which have been peer-reviewed and accepted by
the EPA, are shown in Table 4-2 for the chemicals of concern. Verifkt RfDs arc available
for most of these chemicals. Several of the RfDs are under review or have not been
determined to date., Oral RfDs are used for ingestion pathways.

4.3 UNCERTAINTY ANALYSIS

The estimates of human-health risks developed in this PBRA required a number of
assumptions about exposure and subsequent adverse hcatth effects.
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Table 4-I. Tom”cityValues: Carcinogem”cEffects
Chem”cal.sof Concern

Slope Factors Weight-of-

Chemical oral Inhalation Evidence
Source

(mg/kg/day)-’ (rng/kg/&y)”’ cl~ifi~tion

METALS

Arsenic

Barium

Beryllium

Cadmium

Chromium

Copper

Iron

Lead

Manganese

L Mercury

Nickel

Silver

Thallium

zinc

ORGANICS

Anthracene

Benzene

Benzo(a)anthracene

Benzo(l)fluoranthene

Benzo(a) pyrene

Benzyl alcohol

Bis (2-ethylhexyl)
phthalate

Carbon tetrachloride

Clrlorofonn

1.75E+1

ND(.)

4.3E+0

ND

ND

--

ND

ND

ND

--

ND

. .

5.OE+I

ND

8.4E+0

6.lE+O

4.IE+l

--

ND

ND

ND

--

8.4E-I

.-

-.-.

-.

. .

2.9E-2

11.5*

11.5*

11.5

--

1.4E-2

1.3E-01

6.lE-3

--

. .

2.9E-2

6.1*

6.1*

6.1

--

ND

1.3E-I

8.lE-2

A

ND

B2

BI

A

D

ND

B2

ND

D

A

D

A

B2

B2

B2

--

B2

B2

B2

HEAST/RIS

HEA,ST@)

~s(c)

HEAST

HEAST

HEAST

HEAST/IRIS

HEAST/IRIS

HEASTIIRIS

HEAST “

HEAST

HEAST

HEAST

HEAST

IRIs

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST

HEAST
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Tabk 4-1. Toxiciq Values: Ckzrcinoge?u”cEffects
ChemicaLsof Concern (com”nued)

Slope Factors Weight-of-

Chemical oral Inhalation Evidence
Source

(mg/kg/day)-’ (mg/kg/day~’ C]&fimtion

ORGANICS (continued)

Cbrysene

Dlbutyl phthalate

1,2-Dicblorobenzene

1,3-Dichlorobenzene

1,4-Dicblorobenzene

1, l-Dichloroetbane

cis-1 ,2-Dlchloroethene

2,4-Dimethylphenol

2,4-Dtitrotoluene

2, 6-DinitrotolueneL
Ethylbenzene

Fluoranthene

HMX (cyclotetra-
methylenetrinitranrine)

Methylene chloride

2-methyl-4,6-
dinitrophenol

Napthalene

PCB 1262 (Arcblor 1260)

Phenantbrene

Phenol

Pyrene

RDx

Tetrachioroethylene

Thallium

11.5*

--

-.

ND

2.4E2

ND

--

-.

6.8E-1

6.8E-I

--

--

--

7.5E-03

-.

--

7.7E+0

--

--

11.5*

1.lE-1

5. lE-02

--

fj.lxI B2

-. D

-- D

ND ND

ND c

ND c

-- --

.- --

ND B2

ND B2

.- D

-- D

-- D

1.6E-03 B2

-- --

-- --

ND B2

-- D

.- --

6.1* D

ND c

2. OE-03 B2

-- --

INS

HEAST/RrS

IRK

HEAST/IRIS

HEAST

IRE

HEAST/IRIS

HEAST/IRIS

HEAST

HEAST

HEAST

HEAST/IRIS

IRIs

HEAST/IRLS

HEAST/IRIS

HEAST/NS

HEAST

HEAST~S

HEAST/IRIS

IRIS

IRIS

HEAST

HEASTARIS
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Table 4-1. Toxicity Values: Carcinogenic Effects
Chemicals of Concern (concluded)

Slope Factors Weight-of-

Chemical oral Inhalation Evidence
Source

(mg/kg/day)_’ (mg/kg/day)”’ cWfimtiOn

ORGANICS (concluded)

1,1, l-Trichloroethane (under review) (under review) D HEAST/IRIS

Trichloroethylene 1.lE-02 6E-031 -- HEASTIIRIS

1,3 ,5-Trirtitrobertzene ND ND ND INS

2,4,6-Trinitrotoluene 3.OE-2 ND c HEAST

Toluene -. -- D HEAST

m-Xylene -- -- D HEAST

o-Xylene -- -. D HEAST

p-Xylerte -- -- D HEAST

INORGANIC

Fluoride -- -- -- HEAST/IRIS
.-

Nitrate/Nitrite -- -- -- HEAST/IRIS

‘a)ND- Not determined.
@]HEAST - Health Effeds Assessment Summary Tables, 1991.
WFUS . Integmtd Risk Information System, 1992.

1 - Slope factors were derived by converting the unit risk to a dose.

*AU Class 82 pcdycyolic aromatic hydroc.dans which do not have chronic slope factors (oral) listed by
IRIS or HEAST are assumed to be equipotent with henzo(a)pyrene.
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Site-specific uncertainties are included in the exposure assessment (see Section 3.0).
Uncertainty associated with the toxicity values presented in the toxicity assessment (see
Section 4.0) is summarized in Tables 4-1 and 4-2. Nine of the carcinogens identified lack
oral-slope factors, and seven volatiles lack inhalation-slope factors. Sixteen of the chemicals
lack reference doses and 15 of the volatiles do not have reference doses. Four of the
chemicals of potential concern-arsenic, chromium, nickel, and benzene-are known Class A
carcinogens. The unavailability or lack of slope factors for two of these
chemicals-chromium and nickel-increases uncertainty and the possibility for
underestimation of potential risks.

Oml-reference-dose data were also unavailable or not determined for some of the chemicals
of concern. Due to the lack of these reference doses, the possibility for underestimation of
site hazards exists. For several chemicals, the carcinogenic-inhalation unit risk (expressed as
a concentration) or the non-carcinogenic references concentration was converted to a dose
(mg/kg-day) in order to calculate risk or hazard levels, respectively. The assumptions used
in those conversions contribute to uncertainty in the toxicity assessment.

Oral-slope factors and oral RfDs were adjusted by a factor to account for gastrointestinal
(GI) absorbance, giving adjusted values (see Tables 4-3 and 4-4). Data on GI absorbance
factors, metals, and inorganic were assumed to have a 5-percent GI absorbance and
organics, a 95-percent GI absorbmrce.
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Table 4-3. Demsal Tom’city Values: Gucinogetic Effects
Chemicals of Concern

% GI(*)
Adjusted Oral

Chemical
Adsorption Slope Factor Reference

(mg/kg/day)-’

Beryllium

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(lc)fluoranthene

Bis(2-ethylhexyl)phthalate

Carbon Tetrachloride

Chrysene

1,4-Dichlorohenzene

2,4-Dinitrotoluene

2,6-Dinitiotoluene

PCB 1262
G Pyrene

Tetrachloroethylene

Trichloroethylene

Assume 5%

Assume 95%

88%

Assume 95%

70%

Assume 95%

Assume 95%

Assume 95%

Assume 95%

Assume 95%

90%

Assume 95%

30%

Assume 95%

8.6E+1

1.2E+01

13.lE+O

1.2E+01

1.5E-2

1.4E-01

1.2E+01

2,5E-2

7.2E-01

6.5E-01

8.5E+0

1.2E+01

1.7E-1

1.2E-02

HSDB@l

1(.)

ATSDR(d)

1

ATSDR

HSDE

1

HSDB

HSDB

1

ATSDR

1

HSDB

HSDB

2,4, 6-Trinitrotoluene Assume 95% 3.lE-2 1
WI = gastrointestmsl.
bHSDB= Hazardous Substances Data Bsnk, National Library of Medicine.
“1 = No dermal sdsqtion dats wss available for several chemicsls. Based upon known sdsorpticm vslues for

orgsnics snd metals, the dermal adsorption factor for metsts snd inorganic wss assumed to be 5 % snd the factor for

orgsnics wss sssumed to be 95%.
aATSDR = Agency for Toxic Substances and Disease Registry Toxicological Profiles.
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Tbble 4-4. Dermal Toxicity Values: Noncarcinogenic Effects
for Chem’cals of Concern

% GI(’)
Adjusted Oral

Chemical
Adsorption Reference Dose Reference Dose

(mglkglday)

Barium

Beryllium

Cadmium

Chromium

Lead

Mercury

Nickel

Silver

zinc

Anthracene

Bis(2-ethylhexyl)phthalate

Carbon tetrachloride
\ Dibutyl Phthalate

1,2-Dichlorobeozene

1,1-Dichloroethane

Fluoranthene

Napthalene

Pyrene

Tetrachloroethylene

Toluene

1,3,5-Trichlorobarzene

2,4,6-Trinitrotoluene

Xylene

Fluoride

Nitrite

Assume 5%

Assume 5%

8%

20%

2%

.01 %

5%

8.21 %

Assume 5%

Assume 5%

90%

Assume 95%

100%

Assume 95%

Assume 95%

Assume 95%

75%

Assume 95%

30%

Assume 95%

Assume 95%

Assume 95%

Assume 95%

Assume 5%

Assume 5%

3.5E-3

2.5E-4

8.OE-5 Food

4.OE-5 H,O

1.OE-3

No RfD

3.OE-8

1.OE-3

2.5E-4

1.OE-2

2.85E-1

1.8E-2

6.6E-4

1.OE-1

8.5E-2

9.5E-2

3.8E-2

3.OE-3

9E-2

3.OE-3

1.9E-I

4. 8E-5

4.8E-4

1.9E+0

3.OE-3

5.OE-3

1m

HSDB(C)

HSDB

HSDB

HSDB

HSDB

HSDB

HSDB

1

1

ATSDR(d)

HSDB

ATSDR

1

1

1

HSDB

1

HSDB

1

1

1

HSDB

1

1
‘(71 = J?astmlntestlmd
b1 = No dennal a&o@ion data was available for several cbemicak. Based upon known absorption values for

organics and metals, the dermd absorption factor for metals and inorganic was assumed to be 5 % and the factor for
organics w= assumed to be 95%.
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5.0 RISK CHARACTERIZATION

Potential human heatth risks due to maximum exposures were estimated for each chemical of
concern. Carcittogettic and non-carcinogenic effects were calculated separately for each
exposure scenario. Norrcarcinogenic effects of carcinogenic compounds were included in the
calculation of the noncarcinogertic hazard index when appropriate reference doses were
available.

Care irroo etric Risks

The incremental probability of MSindividual developing cancer over a lifetime exposure was
calculated for the chemicals of concern classifkd as carcinogens by means of the following
equation:

Risk = CDI x Slope Factor,

It should be noted here that the slope factor is the upper-95th-percentile confidence-limit
estimate of human risk extrapolated from the multistage model dose-response curve and that
CDI is based on maximum exposure-point concentrations. Therefore, this equation results in
a conservative estimate of carcinogenic risk.

The oral-slope factor was used to calculate risk for the groundwater, soil ingestion, and

L- demraI absorption pathways. The total carcinogenic risk in each pathway was calculated by
summing the carcinogenic risks posed by each of the carcinogens in that pathway. This
method of adding risks, recommended by EPA in its Guidelines for the Health Risk
Assessment of Chemical Mixtures (U.S. EPA, 1986), may be overly conservative in that the
slope factors, as art upper-95th-percentile estimate of potency, are not strictly additive.

A carcinogenic risk larger than 1 EM is typically considered to represent a sign~lcant risk
for potential carcinogenic effects. The range of risk representing remediation goals at NPL

sites is 1 E-M to 1 E-~.

Noncarcinozenic Effects

The potentiaI for noncarcirrogenic toxicity to occur in an exposed individual is evaluated by
comparing the exposure level with a reference dose, as follows:

Hazard Quotient = CDI/Reference Dose

If the hazard quotient is less than one, it is unlikely that even sensitive populations would
experience adverse health effects. If the quotient exceeds unity, however, there may be
concern for potential non-carcinogenic effects (U. S. EPA, 1989). To assess the overall
potential for non-carcinogenic effects posed by exposure to multiple chemicals, a hazard
index equal to the sum of tbe hazard quotients was calculated (in accordance with U.S. EPA,
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1986) for each pathway. As with ~e harard quotient, if the hazard index exceeds unity,
them may be concern for potential adverse health effects.

5.1 CURRENT LAND USE

The risk estimates for each exposure scenario evaluated under current site use conditions me
presented in Tables 5-1 through 5-10. They are discussed below, fwst for carcinogenic
effects and then for non-carcinogenic effects.

5.1.1 Carcinogens

5.1.1.1 On-Site Znduetnid Worker

The potential carcinogenic risks for on-site industrial workers through dermal contact with
and incidental ingestion of soil are presented in Table 5-1 and Table 5-2. The total soil
pathway risks from dermal exposure are 3.9 E“wRME and 2.1 E- avemge exposure, while
those from ingestion are 7.6 E-MRh4E and 4.5 E- average exposure. The total site risk for
the soil pathway is 4.0 E“wRME and 2.1 EQ average exposure. The total pathway risk
~) from fidation of volatiles released from soil is 2.8 E“”’(see Table 5-3). Risks to

school personnel in the administrative area were not calculated. These risks would be less
than risks for on-site industrial workers due to lower exposure frequency, shorter duration,
and greater distance from the source for the inhalation pathway. Ad the risk for on-siteL
workers was within acceptable levels.

5.1.1.2 Site-Specz~c Worker

The total carcinogenic risk for workers from contact with surface soil at Site/SWMU 1 is
1.2 Eti (see Table 5-4). The risk from dermal exposure to soil is 1.2 E-05and from soil
ingestion is 2.2 E“m. Risks from inhalation of volatiles could not he quantifkd because slope
factors were not available. Sites/SWk4Us 3, 7, and 10/11 are not active under current land
use.

5.1.1.3 Off-Site Resident

The carcinogenic risks for off-site residential exposure to groundwater impacted by
Site/SWMU 1 could not be calculated. Nitrate, the only chemical of concern, does not have
a slope factor available.

The estimated carcinogenic risk for off-site residential ingestion of groundwater from Well
12, if influenced by Sites/S WMUs 2/30, 12/14/15, and 29, is 1.1 Em (see Table 5-5). The
primary contributor to risk is TCE, with a chemical-specific risk value of 1.1 E-m.Tbe total
pathway risk calculated for off-site residential ingestion of groundwater from Well OY, if

impacted by Sites/SWMUs 10/11, is 6 Ew (see Table 5-6).
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Table 5-I. Surjhce Soil Risk Characterim”on: Carcinogenic Effects
Reasonable Marirnum Exposure Level
Cl#rent Use On-Site Indusm”alSites/SUMUs 17, 29, 32

Adjusted
Chemical CD1(.) Oral Slope Factor Chemical-Speeiilc

(mg/kg/day) (mg/kg/day)-’ Risk

Pathwav:Dermal ExDosure

Benzo(a)anthracene
Benzo(lc)fluoranthene
Benzo(a)pyrene
Chrysene
PCB 1262
Pyrene
Trichloroethylene

1.7E-06 1.2+01
2.2E-06 1.2E+01
2.3E-06 1.3E+01
8.7E-06 1.2E+OI
7.6E-07 8.5E+O0
1.8E-05 1.2E+01
2. OE-07 1.2E-02

Total Pathway Risk

2. OE-05
2.6E-05
1.7E-05
1.OE-04
6.5E-06
2.2E-04
2.4E-09

3.9E-04

Pathwav: Ingestion

Benzo(a)anthracene 3.5E-08 1.2E+01 4.2E-07
Benzo(K)fluoranthene 4.2E-08 1.2E+OI 5. OE-07
Eenzo(a)pyrene 4.6E-08 1.2E+01
Chrysene

5.5E-07
1.2E-07 1.2E+01 1.4E-06

PCB 1262 1.5E-08 7.7E-H30 1.2E-07
Pyrene 3.8E-07 1.2E+01 4.6E-06
Trichlorethylene 3.9E-07 1. lE-02 4.3E-09

Total Pathway Risk 7.6E-06

Total Site Risk 4. OE-04
CDI = Chronic dsiIy intske.

68



Table 5-2. Surjace Soil Risk C?taracteriw”on: Carcinogenic Effects
Average llrposure Level
Current Use On-Site Indusm”alSites/SU34Us 17, 29, 32

Adjusted
Chemical CDI(*) Oral Slope Factor Chemiral-Specitlc

(mglkglday) (mg/kg/day)-l Risk

Pathwav:Dernral Exuosure

Benzo(a)anthracetre
Benzo(k)fluoratrthene
Betrzo(a)pyrerre
Chrysene
PCB 1262
Pyrene
Trichloroethylene

1.5E-06 1.2+01
2.2E-06 1.2E+01
2. OE-06 1.3E+01
3.3E-06 1.2E+OI
3. OE-07 8.5E+O0
1.3E-05 1.2E+01
2.OE-07 1.2E-02

Total Pathway Risk

1.8E-05
2.6E-05
2. OE-06
4. OE-06
2.6E-06
1.6E-04
2.4E-09

2.lE-04

Pathwav: Ingestion

k Benzo(a)anthracene 2.9E-08 1.2E+OI 3.5E-07
Benzo(K)fluorarrthene 4.2E-08 1.2E+01 5. OE-07
Benzo(a)pyrene 3.9E-08 1.2E+01 4.7E-07
Chrysene 6.3E-08 1.2E+01 7.6E-07
PCB 1262 6.4E-09 7.7E+O0 4.9E-08
Pyrene 2. OE-07 1.2E+01 2.4E-06
Trichlorethylene 3.9E-07 1. lE-02 4.3E-09

Total Pathway Risk 4.5E-06

Total Site Risk 2.lE-04
‘C!DI = ChrOIliC(id y intake.
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Table 5-3. Inhalation Risk Characterim’on: Chcinogenic Effects
Reasonable Maximum .%iposure Level
Currenr Use On-Site Industrial Siles/SU%lUs 17, 29, 30, 32

Inhalation
CD1(U) Slope Factor Chemiral-SpeciIic

Chemical (mg/kg-day) (mglkg-day)-’ Risk

Eenzo(a)arrthracene 1.4E-12 6.lE+OO 8.7E-12
Benzo(a)pyrene 1.6E-10 6.lE-00 9.7E-10
Benzo(lc)fluoranthene 2. OE-15 6.lE+OO 1.2E-14
Carbon tetrachloride 2. OE-07 1.3E-01 2.6E-08
Chrysene 3.4E-14 6.lE+OO 2. OE-13
Pyrene 7.lE-13 6. IE+OO 4.4E-12
Tetrachloroethylene 2. OE-07 2.OE-03 4,1E-10
Trichloroethylene 1.6E-09 6.OE-03 9.6E-12

Total Pathway Risk 2.8E-08
= cbronlc dally make.

-.
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Table 5-4. Surface Soil Risk Characteriution: Carcinogem”cEffects
Current Use On-Site Worhzr Site/SW%Ill 1

Adjusted
Chemieal CD~) Oral Slope Factor Chemieal-Specific

(mg/kg/day) (mg/kg/day)-’ Risk

Pathwav:Dermat EXOOSUre

2,4, 6-Trinitrotoluene 1.9E-04 3. lE-02 5.9E-06
2,4-Dinitrotoluene 4.5E-06 7.2E-01 3.2E-06
2,6-Dinitrotoluene 4.2E-06 6.5E-01 2.2E(!6

Total Pathway Risk 1.2E-05

Pathwav: Inrestion

2,4,6-Trinitrotoluene 3.6E-06 3. OE-02 1.1 E-07
2,4-Dinitrotoluene 8.4E-08 6.8E-01 5.7 E-08
2,6-Dinitrotoluene 7.7E-08 6.8E-01 5.2 E-08

Total Pathway Risk 2.3E-07

+ Total Site Risk 1.2E-05
Y!DI= Ciuonlcdailyintake.
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Tab.k 5-5. Groundwater Risk Characten’muon: Carcinogenic Effecn
Current Off-Site Residential (Well 12)
Sites/SWUUs 2/30, 12/14/15, 29

Oral Slope
CDI(”) Factor Chemiral-Specific

Chemical (mglkglday) (mg/kg/day) Risk

Pathwav: Ineestion

Beryllium 7.44E-08 4.3E+0 3.2E-07
Bis(2-ethylhexyl)phthalate 1.56E-06 1.4E-02 1.6E-08
Carbon Tetxachloride 1.19E-07 1.30E-01 1.5E-08
Cyclotdte (RDX) 7.44E-08 1.1OE-O1 8.2E-09
Trichloroethylene 7. 14E-07 1.1OE-O1 7.8E-08

Total Pathway Risk 4.4E-07
= Chronic&u“lyretake.
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5.LL4 On-Site Residential

The carcinogenic risk for on-site residential (administrative area) exposure (RME) through
inhalations 1.3 E&(see Table 5-7).

5.1.1.5 Cities of Grantsvifle, Tooele, Stockton

The risk characterization for inhalation of site-related volatiles by residents of Grantaville,
Tooele, mdStockon ispresented hTables 5-8, 5-9, md5-10, respectively. The total
pathway risk for GrantaviIle is 3.1 Ea, for Tooele is 3.8 Eqs, and for Stockton is 8.9 Em.
Virtually all of the potential risk is due to estimated TCE releases from an air stripper that is
currently being constructed at TEAD-N for the treatment of TCE-contaminated groundwater.

5.1.1.6 On-Site Worker/Locol Resident

An indication of maximum-potential cumulative risk can be obtained for an individual who is
both an on-site worker and an off-site resident. The maximum risk for an on-site worker (in
the industrial area) is 3.9 Ew, and the maximum risk for an off-site resident (ci~ of Tooele)
is 3.8 E45, for a total of 4.3 Ea. Essentially all of the risk is due to on-site worker
exposure.

L
5.1.2 Non-Carcinogens

5.1.2.1 On-Site Industrial Worker

Risk characterization for on-site industrial-worker soil ingestion and derrnal-absorption
exposure routes are presented in Tables 5-11 and 5-12. The total pathway hazard indices for
dermal exposure to site soils are 1.9 Em (RME) and 9.3 E43 (average exposure); for soil
ingestion they are 8 Ea (RME) and 3.8 E@ (average exposure). The total hazard indices are
2.7 Em (RME) and 1.3 Ea (average exposure) for surface-soil exposure. The pathway
hazard index calculated for inhalation of volatiles is 1.6 Ea (see Table 5-13).

Non-carcinogenic hazard estimates for school personnel in the administrative area were not
calculated. These hazard estimates would be less than hazard estimates for on-site industrial
workers, for whom health effects were not a concern, because of lower exposure frequency,
shorter duration, and greater distance from the source.
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Table 5-6. Groundwater Risk Characten’D”on: Carcinogem”cEffects
Current Use Off-Site Residential (Wlell0~ Sites/SWUUs 10/11

Oral Slope
CD1(~) Factor Chemical-Specific

Chemical (mg/kg-day) (mg/kg-day)-] Risk

Arsenic 2.9 E~07 1.75 E+OO 5.1 E-07

Cyclordte (RDX) 3.4 E-07 1.1 E-01 3.7 E-08

2,4-Dinitrotoluene 7.4 E-08 6.8 E-03 5.0 E-08

2,4, 6-Trinitrotoluene 7.4 E-08 3.0 E-02 2.2 E-09

Total Pathway Risk 6.0 E-07
=Cnlc~
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Table 5-7. Inhalation Risk Characten~”on: Carcinogem”cEffects
Reasonable Maximum &posure
Current Use On-Sile Residential

Inhalation
CD1(.) Slope Factor Chemical-Specific

Chemical (mg/kg-day) (mg/kg-day~] Risk

Benzo(a)anthracene 9.0 E-13 6.1 E+OO 5.5 E-12

Benzo(a)pyrene 1.1 E-10 6.1 E+OO 6.6 E-10

Benzo(lc)fluoranthene 1.3 E-15 6.1 E+OO 8.4 E-15

Carbon tetrachloride 4.1 E-08 1.3 E-01 5.3 E-09

Chrysene 2.2 E-14 6.1 E+OO 1.3 E-13

Pyrene 4.6 E-13 6.1 E+OO 2.8 E-12

Tetrachloroethylene 4.1 E-08 2.0 E-03 8.4 E-l]

Trichloroethylene 2.1 E-04 6.0 E-03 1.3 E-06

Total Pathway Risk 1.3 E-06
‘CD1= ChIOlliC&i ly ukake.
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Table 5-8. Inhalation Risk Characten”m’on: Carcinogem”cEffects
Reasonable Mazimum ,?hposure
Current Use Off-Site Residem”al: Grantsw”lle

Inhalation
CDF Slope Factor Chemical”

Chemical (mg/kg-day) (mg/kg-day)-’ @!cfic Risk

Benzo(a)anthracene 1.4 E-II 6.1 E+OO 8.8 E-n

Benzo(a)pyrene 1.4 E-10 6.1 E+OO 8.8 E-10

Benzo(lc)fluoranthene 3.0 E-15 6.1 E+OO 1.8 E-14

Carbon tetrachloride 3.9 E-07 1.3 E-01 5.0 E-08

Chrysene 4.8 E-14 6.1 E+OO 2.9 E-13

Pyrene 9.3 E-13 6.1 E+OO 5.7 E-12

Tetrachloroethylene 3.9 E-07 2.0 E-03 7.8 E-10

Trichloroethylene 5.2 E-03 6.0 E-03 3.1 E-OS

Total Pathway Risk 3.1 E-05

‘CD1 = CbKUliC daily intake,

L . Based on incomplete scrubber-stack information, the tinal risk analysis is expected to demonstrate a Iowel

risk than reported here.
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Table 5-9. Inhalation Risk Characten’muon: Carcinogenic Effects
Reasonable Maimum fiposure
Current Use Off-Site Residential: Tooele

Inhalation
CD~ Slope Factor Chemical”

Chemical (mg/kg-day) (mg/kg-day~’ specific Risk

Benzo(a)anthracene 1.2 E-II 6.1 E+OO 7.5 E-11

Benzo(a)pyrene 1.2 E-09 6.1 E+OO 7.3 E-09

Benzo(k)fluoranthene 2.6 E-15 6.1 E+OO 1.6 E-13

Carbon tetrachlonde 1.4 E-06 1.3 E-01 1.9 E-07

Chrysene 4.0 E-13 6.1 E+OO 2.5 E-12

Pyrene 7.5 E-12 6.1 E+OO 4.5 E-n

Tetmchloroethylene 1.4 E-06 2.0 E-03 2.9 E-09

Trichloroethylene 6.3 E-03 6.0 E-03 3.8 E-05

Total Pathway Risk 3.8 E-05

‘CDI = CbrOtiC &i]y intake.

L - Based on incomplete scrubber-stack information, the tin.d risk analysis is expected to demonstrate a lower
risk than reported here.
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Table 5-10. Inhalation Risk Characterization: Carcinogerdc Effects
Reasonable Maximum Erpousre
Curreru Use Off-Site Residendal: Stockton

Inhalation
CD~ Slope Factor Chemical”

Chemieal (mg/kg-day) (mg/kg-day)-’ if@d’ic Risk

Benzo(a)anthracene 2.1 E-12 6.1 E+OO 1.3 E-n

Benzo(a)pyrene 2.0 E-10 6.1 E+OO 1.2 E-09

Beozo(k)fluoranthene 4.3 E-15 6.1 E+OO 2.6 E-14

Carbon tetrachloride 2.5 E-07 1.3 E-01 3.3 E-08

Chrysene 6.7 E-14 6.1 E+OO 4.1 E-13

Pyrene 1.3 E-12 6.1 E+(KI 8.0 E-12

Tetrachloroethylene 2.6 E-07 2.0 E-03 5.1 E-10

Ttichloroethylene 1.5 E-03 6.0 E-03 8.9 E-06

Total Pathway Risk 8.9 E-06

7CDI= ChOtiC&i]y intake,
“ Basedon incompletescrubber-stackinformation,the fmt riskanalysisis expectedto demonstratea lowerL

risk thanreportedhere.
,

/
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Talxk 5-11. Su@ce Soil Risk Characten”zaion: Noncarcinogerdc Effects
Reasonable Maimum Ezposure
Current Use On-Site Industrial Sites/SUMUs 17, 29, 32

Chemical CD1(*l Adiuated RfD@) Hazard
(mg/kg/day) (&g/kg/day) Quotient

Pathwav : Dermal
Exrlosure

Chromium
Nickel
zinc
Fluoranthene
Pyrene

Pathwav: Ingestion

Chromium
Nickel
zinc
Fluorsnthene

-
Pyrene

2.lE -06
5.2E -06
6.6E -05
1.6E -05
1.4E -04

1.7E -05
4.lE -05
5.2E -04
3.lE -07
2.7E -06

1.OE -03
1.OE -03
I.OE -02
3.8E -02
2.9E -02

Total Pathway Hazard

5.OE -03
2.OE -02
2.OE -01
4.OE -02
3.OE -02

Total Pathway Hazard

2.lE -03
5.2E -03
6.6E -03
4.lE -04

~

2.lE -02

3.3E -03
2.OE -03
2.6E -03
7.6E -06
9.OE -05

8.OE -03

Total Site Hazard 2.7E -02
CDI = Chronic da‘Iy intake.

bRtD = reference dose.
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Table 5-12. Swjtace Soil Risk Characten”z.ation: Noncarcinogem”cEffects
Average Erposure
Current Use On-Site Industrial Sites/SWUUs 17, 29, 32

Chemical CDI(”) Ar@ted R@] Hazard
(mg/kg/day) (mg/kd/day) Quotient

Pathwav: Dennal
Exoosure

Chromium
Nickel
zinc
Pluoranthene
Pyrene

Pathwav: Ingestion

Chromium
Nickel
zinc
Fluoranthene.%-
Pyrene

1.3E -06
7.6E -07
3.6E -05
1.6E -05
9.OE -05

1.OE -05
6.OE -06
2.8E -04
3.lE -07
1.8E-06

1.OE -03 1.3E -03
1.OE -03 7.6E -04
1.OE -02 3.6E -03
3.8E -02 4.lE -04
2.8E -02 32E-03-

Total Pathway Hazard 9.3E -03

5.OE -03 2.OE -03
2.OE -02 3.OE -04
2.OE -01 1.4E -03
4.OE -02 7.6E -06
3.OE -02 5.8E -05

Total Pathway Hazard 3.8E -03

Total Site Hazard 1.3E -02
WISr = Chmnlcddy intake.

bRfD= reference dose..
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Table 5-13. Inhalation Risk Characteriz-don: Noncarcinogenic Effects
Current Use On-Site Industrial Sites/SUtWUs 30, 17, 29, 32

Inhalation
CD1(.) Rf@’ Hazard Quotient

Chemical (mglkg-day) (mg/kg-day)

Ethylbenzene 4.6 E-08 3 E-01 1.5 E-07

Toluene 1.2 E-06 6 E-01 2.0 E-06

1,1, l-Trichloroethane 4.1 E-06 3 E-01 1.4 E-OS

Total Pathway Hazard Index 1.6 E-OS
CDI = Cbronlc daily intake.

bRfD = reference dose.
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5.1.2.2 Site-Specz~c Worker

The total non-carcinogenic harard to workers from exposure to soils at Site/SWMfJ 1 is 2.7
E’m (see Table 5-14). The hazard index for the dermaf pathway is 2.7 E+m, and for soif
ingestion it is 5.2 E-m. A hazard index cannot be calculated for inhalation of volatiles due to
a fack of reference doses for the chemicafs of concern.

Sites/SWMUs 3, 7, and 10/11 are not active under current land use.

5.1.2.3 Off-Sile Resident

There is no avaifable reference dose for nitmte, which is the onfy chemicaf of concern
modeled for exposure of off-site residential receptors at Wefls 10 and 16. Therefore, no
hazard could be calculated.

The totaf hazard index for off-site residential ingestion of groundwater from Well
12–influenced by Sites/SWMUs 2/30, 12/14/15, and 29–is 1.7 E-m (see Table 5-15).

The total non-carcinogenic harard from off-site ingestion of groundwater from Well OY, if
influenced by Sites/SWMUs 10/11, is 2.5 E-n (see Table 5-16).

. 5.1.2.4 On-Site Restient

The total non-carcinogenic hazard for exposure @ME) through inhalation of volatifes is 9.3
Eq (see Table 5-17).

5.1.2.5 Cities of Gmntsville, Tooele, and Stockton

The risk characterization for infrafation of volatifes by residents of Gmntsville, the City of
Tooele, and Stockton is presented in Tables 5-18, 5-19, and 5-20, respectively. The total
pathway hazard index for Gratttsvilfe is 1.0 E“os,while that for the City of Tooele is 3.7 E“”j.
The totaf harard index calculated for residents of Stockton is 6.6 E-w.

5.1.2.6 On-Site Worker/LocaJ Resident

‘Rre maximum-potential cumulative non-carcinogenic hazard for an individual who is both an
on-site worker and an off-site resident is 2.7 E+w, which is due entirely to on-site-worker
exposure at Site/SWMU 1. Maximum noncarcinogenic hazard for an off-site resident is 2.5
E~, due to consumption of water from Well OY.
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Table 5-14. Surjace Soil Risk Characten”~tion: Noncarcinogem”cEffects
Current Use On-Site Worker Site/SW14U 1

Chemical CDI(”) Rf@’ Hazard
(mg/kg/day) (mg/kd/day) Quotient

Pathwav: Dermal
Exr)osure

Barium 2.OE -06 3.5E -03 5.7E -04
Cadmium 4.5E -08 4.OE -05 l.lE -03
2,4, 6-Trinitrotoluene 1.3E -03 4.8E -04 2.7E+O0

Total Pathway Hazard 2.7E+O0

Pathwav: Irwestion

Barium 1.5E -05 7.OE -02 2.lE -04
Cadmium 3.2E -07 5.OE -04 6.4E -04
2,4,6-Trinitrotoluene 2.5E -05 5.OE -04 5.IE -02

Total Wathway Hazard 5.2E -02

L Total Pathway Hazard Index 2.7E+O0
a DI = chromedadyretake.
bRfD= referencedose.
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Table 5-15. Groundwater Risk Characterization: Noncarcinogenic Effects
Current Off-Site Residential (Well 12)
Sites/SUMUs 30, 12/14/15, 29

cD1(d Rf’Jyb) Hazard
Chemical (mg/kg/day) (mg/kg/day) Quotient

Pathwav: Ingestion

Beryllium

Cadmium

Chromium

Copper

Manganese

Nickel

Bis(2-ethylhexyl)phthaIate

Carbon tetrachtonde

.. ..- Cyclonite (RDX)

1,1,1 -Trichloroethane

1.’74E-07

6.94 E-08

4.62 E-06

2.4 E-07

3.68 E-05

1.35 E-06

3.64 E-06

2.78 E-07

1.74 E-07

1.39 E-06

5.0 E-03

5.0 E-04

5.0 E-03

3.7 E-02

1.0 E-01

2.0 E-02

2.00 E-02

7.0 E-04

3.0 E-03

9.0 E-02

3.8 E-05

1.4 E-04

9.2 E-04

6.6 E-06

3.7 E-04

6.8 E-05

1.8 E-04

4.0 E-04

5.8 E-05

1.5 E-02

Total Pathway Hazard Index 1.7 E-02
Y!DI = cbromc dady retake.

bRtD = reference dose.
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Table 5-16. Groundwater Risk Characterization: Noncarcinogerdc Effects
Current Use Off-Site Residential (Well 0~ Sites/SWfUs 10/11

Cm@ Rim” Hazard
Chemical (mg/kg/day) (mg/kg/day) Quotient

Arsenic 5.9 E-08 3.0 E-04 1.9 E-04

Copper 1.7 E-07 3.7 E-02 4.6 E-06

Fluoride 3.2 E-06 6.0 E-02 5.4 E-05

Thallium 1.7 E-07 7.0 E-05 2.4 E-02

2,4,6-Trinitrotoluene 1.7 E-07 5.0 E-04 3.4 E-04

Total Pathway Hazard Index 2.5 E-02
‘CDI = chronic daily intake.
bRiD = reference dose.
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TabLZS-17. Inhdution Risk Chnracterizadon: Noncarcinogenic Effects
Reasonable Ma-n”mumExposure
Current Use On-Site Residem”al

Inhalation
CDI(’) R@) Hazard Quotient

Chemical (mg/kg-day) (mg/kg/day)

Ethylbenzene 2.7 E-08 3.0 E-01 9.0 E-08

Toluene 7.1 E-07 6.0 E-1 1.2 E-06

1,1,1 -Trichloroethane 2.4 E-06 3.0 E-1 8.0 E-06

Total Pathway Hazard Index
s

9.3 E-06
DI = Chrmlc daily intake.

bRiD = reference dose.
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Table 5-18. Inhalation Risk Characten”zation: Noncarcinogem”cEffects
Current Use Off-Site Residential: Grantsville

Inhalation
CD1(.I Rf@) Hazard Quotient

Chemical (mglkg-day) (mglkg-day)-’

Ethylbenzene 2.9 E-08 3 E-1 1.0 E-07

Toluene 7.7 E-07 6 E-1 1.3 E-06

1,1,1 -Trichloroethane 2.6 E-06 3 E-1 8.7 E-06

Total Pathway Hazard Index 1.0 E-05
cDI = Chronic&u“Iyintake.

bRfD = reference dose.
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Tdble 5-19. Inhalation Risk Chnracten’zation: Noncarcinogenic Effects
Curreru Use Off-Site Residential: Tooele

Inhalation
~1(*) R@) Hazard Quotient

Chemical (mg/kg-day) (mg/kg-day)

Ethylbenzene 1.1 E-07 3 E-1 3.7 E-07

Toluene 2.8 E-06 6 E-1 4.7 E-06

1,1, l-Trichloroethane 9.6 E-06 3 E-1 3.2 E-OS

Total Pathway Hazard Index 3.7 E-05
CDI Cbm= ~~ daily intake.

bRfD = reference dose..
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Table 5-20. Inhkxion Risk Chnracten”zation: Noncarcinogenk Effects
Current Use Off-Site Residential: Stockton

Inhalation
CD1(.) mm’ Hazard Quotient

Chemical (mg/kg-day) (mg/kg-day)

Ethylbenzene 1.9 E-08 3 E-01 6.6 E-08

Toluene 5.0 E-07 6 E-01 8.3 E-07

1,1,1 -Trichloroethane 1.7 E-06 3 E-01 5.7 E-06

Total Pathway Hazard Index 6.6 E-06
CDI = ChronicdallyIntake.

bRfD = reference dose.
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5.2 FUTURE LAND USE

5.2.1 Carcinogens

5.2.1.1 On-Site Industti Worker

Potential risks posed to on-site industrial workers under the future-land-use scenario are the
same as those presented in Section 5.1.1 for current land use.

5.2.1.2 On-Site Resident

The risks from exposure to soil in the industrial area for hypothetical future residents arc 1.1
E-mRME and 1.4 E-w avexage exposure (see Tables 5-21 and 5-22). The risks from the
groundwater pathway are 6.1 E-m RME and 2.1 E-Maverage exposure (see Tables 5-23
through 5-24), and the risk from the inhalation pathway is 5.7 E-lo (see Table 5-25).

The total carcinogenic risk associated with future hypothetical residential exposure to surface
soils at Site/SWh4U 1 is 1 E@ (see Table 5-26). The risk calculated for dermal exposure to
soils is 1.2 E-M,and that for ingestion is 4.9 E-. For both pathways, dinhrotoluenes and
trinitrotoluenes are approximately equal contributors to the risk. There are no oral-slope
factors for chemicals of concern in grorsndwater or for volatilized chemicals released from
soils at this site; therefore, risks could not be estimated.

L
At Site/SW 2 the total carcinogenic risks from groundwater ingestion are 8.8 E_”’(RME)
and 8.0 E-w average exposure (see Tables 5-27 and 5-28). No soil or inhalation pathway is
complete.

Slope factors arc not available for chemicals of potential concern found in soils at
Site/SWMU 3; therefore, surface-soil risks could not be calculated.

The total carcinogenic risk from exposure to surface soils at Site/SWh4U 7 for hypothetical
future residents is 7.5 E-M(see Table 5-29), including the dermal route (4.1 EM) and
ingestion route (3.4 E-M). In both pathways, all of the estimated risk is from beryllium.

The risk characterization fmm exposure to soil at Sites/SWMUs 10/11 is presented in Table
5-30. The risk for the demral route of exposure is 2.4 Em, with 2,4,6-trinitrotoluene
contributing most of the risk. For ingestion, the total pathway risk is 9.9 E-M, with 2,4,6-
trinitrotoluene the major contributor to risk. The total site risk from exposure to soils
through both pathways is 2.5 E-m. The total pathway risk for groundwater ingestion at this
location is 3.3 EQ (see. Table 5-31). Three chemicals— arsenic, RDX, and 2,4-
dinitrophenol— showed the highest chemical specitlc risks. No slope factors were available
for chemicals of concern volatilized from site soils; therefore, no risks could be calculated
for the inhalation pathway.
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Table 5-21. Surface Soil Risk Charactenm”on: Curcinogem”cEffects
Reasonable Mzrimum Erposure Future On-Site Residential
Siles/SWi4Us 12,14,15,29,30 flnd~tn’a[ Area)

Chemical CD1(.) Oral Slope Chemical
(mg/kg/day) Factor specific

(mg/kd/day)”’ Risk

Pathwav : Deroxd
Exoosure

Benzo(a)arsthracene 1.3E -05 1.2E + 01 1.6E -04
Berrzo(k)fluoranthene 1.5E -05 1.2E + 01 1.9E -04
Benzo(a)pyrene 1.4E -05 1.3E + 01 1.9E -04
Chrysene 4.2E -05 1.2E + 01 5.lE-04
Pyrene 1.4E -04 1.2E + 01 17E-09-

Total Pathway Risk 1. IE -03

Pathwa v: Irwestion

Benzo(a)anthracene 8.OE -07 1.2E + 01 9.2E -06
Benzo(lc)fluoranthene 9.6E -07 1.2E + 01 1.lE-05
Beruo(a)pyrene 8.8E -07 1.2E + 01 1.OE -05- Chrysene 2.6E -06 1.2E + 01 3.OE -05
Pyrene 8.6E -06 1.2E + 01 9.9E -05

Total Pathway Risk 2.OE -04

Total Site Risk 1.3E -03
CDI = chronicdallyretake.
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Table 5-22. Swjface Soil Risk Characten”zation: Chcinogenic Effecn
Average Exposure Future On-Site Residem”al
Sites/SU%fUs 12,14,15,29,30 (lndusm”alArea)

Chemiral CDI(.) Oral Slope Chemiral
(mg/kg/day) Factor Specific

(mg/kd/day)”’ Risk

Pathwav: Dermal
Exoosure

Benzo(a)anthracene 1.9E -06 1.2E + 01 2.3E -05
Benzo(lc)fluoranthene 2.8E -06 1.2E + 01 3.3E -05
Benzo(a)pyrene 2.5E -06 1.3E + 01 3.3E -05
Ciuysene 4. lE -06 1.2E + 01 5.OE -05
Pyrene 1.6E -05 1.2E + 01 1.9E -04

Total Pathway Risk 3.3E -04

Pathwav: Ingesti“on

Benzo(a)anthracene 7.39E -08 1.2E + 01 8.5E -07
Benzo(lc)fluoranthene 1.06E -07 1.2E + 01 1.2E -06
Benzo(a)pymne 9.68E -08 1.2E + 01 l.lE -06

L Chrysene 1.6E -07 1.2E + 01 1.8E-06
Pyrene 6.2E -07 1.2E + 01 7.lE -06

Total Pathway Risk 1.2E -05

Total Site Risk 3.4E -04
m = Chronicdailyintake.
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Table 5-23. Groundwater Risk Characten’z-ation: Ch-cinagenic E#ects
Reasonable Maximum fiposure Future On-Site Residential
.$ites/SllMUs 12,14,15,29,30 ~ndustn”alArea)

oral
CDI(”) Slope Factor Chemical Specific

Chemical (mglkglday) (mg/kg/day)-’ Risk

Arsenic 3.3 E-04 1.8 E+O1 5.7 E-03

Beryllium 2.4 E-OS 4.3 E+OO 1.0 E-04

Benzene 1.2 E-05 2.9 E-02 3.5 E-07

Bis-(2-ethylhexyl)phthdate 1.2 E-02 1.4 E-02 1.6 E-04

Carbon tetmchloride 6.1 E-04 1.3 E-01 7.9 E-05

Chloroform 7.5 E-05 6.1 E-03 4.5 E-07

Trichloroethylene 2.1 E-03 1.1 E-02 2.3 E-05

Total Pathway Risk 6.1 E-03
‘CDI = ChIOlliCddy intake.
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Table 5-24. Groundwater Risk Characten”m”on: Chrcinogem”cEffects
Average Erposure Future On-Site Residendal
Sites/SWUUs 12,14,15,29,30 (Industrial Area)

oral
(-D1(8) Slope Factor Chemical Specific

Chemical (mg/kg/day) (mg/kg/day)-’ Risk

Arsenic 1.2 E-OS 1.8 E+O1 2.1 E-04

Beryllium 3.5 E-07 4.3 E+OO 1.5 E-06

Benzene 1.3 E-06 2.9 E-02 3.7 E-08

Bis-(2-ethylhexyl)phthalate 1.5 E-04 1.4 E-02 2.1 E-06

Carbon tetrachlonde 1.1 E-OS 1.3 E-01 1.4 E-06

Chloroform 4.9 E-06 6.1 E-03 3.0 E-08

Trichloroethylene 5.8 E-06 1.1 E-02 6.4 E-08

Total Pathway Risk 2.2 E-04
YD I = chronic daily intake.
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Table S-25. Inhakztion Risk Characten”zadon: Carcinogerdc Effects
Reasonable Maimum Ezposure
Future On-Site Residential Site/SW14U 29 (hdustrial Area)

Inhalation
CDI(’) Slope Factor Chemical Specific

Chemical (mg/kg-day) (mg/kg/dayJ’ Risk

Benzo(a)anthracene 9.5 E-13 6.1 E+OO 5.8 E-12

Benzo(a)pyrene 9.2 E-n 6.1 E+OO 5.6 E-10

Benzo(lc)fluoranthene 2.0 E-15 “ 6.1 E+OO 1.2 E-14

Chrysene 3.1 E-14 6.1 E+OO 1.9 E-13

Pyrene 6.0 E-13 6.1 E+OO 3.7 E-12

Total Pathway Risk 5.7 E-10
aCDI = Chronicdailyintake.

.
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Table 5-26. Su~ace Soil Risk Characten”o”on: Carcinogenic Effects
Future On-Site Residential Site/SB%fU I

Chemical CDI(8] Oral Slope Factor Chemieal Speeiflc
(mg/kg/day) (mg/kg/day)-’ Risk

Pathwav:Dermal Exoosure

2,4,6-Trinitrotoluene 1.3E -03 3.lE -02 4.OE -05
2,4-Dinitrotoluene 3.OE -05 1.4E + 00 4.2E -05
2,6-Dtitrotoluene 2.5E -05 1.4E+O0 L51&f!5

Total Pathway Risk 1.2E -04

Pathw ay: Ingestion

2,4,6-Trinitrotoluene 8.2E -05 3.OE -02 2.4E -06
2,4-Dirritrotoluene 1.9E -06 6.8E -01 1.3E -06
2,6-Dinitrotoluene 1.7E -06 6.8E -01 1.2E -06

Total Pathway Risk 4.9E -06

Total Site Risk 1.2E -04
‘CD1 = Chronic daily intake.
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Table 5-27. Groundwater Risk Characterization: Carcinogenic Effects
Reasonable Marimton Exposure
Future On-Site Residential Site/SWt4U 2

oral
CD1(.) Slope Factor Chemical Specific

Chemical (mg/kg/day) (mg/kg/day)-’ Risk

Arsenic 4.5 E-05 1.8 E-01 7.8 E-06

Carbon tetrachloride 3.0 E-04 1.3 E-01 3.9 E-05

1,4-Dichlorobenzene 6.0 E-06 2.4 E-02 1.4 E-07

Tetrachloroethylene 4.5 E-06 5.1 E-02 2.3 E-07

Tnchloroethylene 3.7 E-03 1.1 E-02 4.1 E-05

Total Pathway Risk 8.8 E-05
WDI = ChIOlliCdailyintie,

.
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Table 5-28. Groundwater Risk Characten”@on: Carcinogenic Effects
Average Erposure
Future On-Site Residential Site/SUWfU 2

oral
CDI(”) Slope Factor Chemieal Specific

Chemieal (mg/kg/day) (mglkglday)”’ Risk

Arsenic 8.1 E-06 1.8 E-01 1.4 E-06

Carbon tetracbloride 2.5 E-05 1.3 E-01 3.2 E-06

1,4-Dlchtorobenzene 9.8 E-07 2.4 E-02 2.4 E-08

Tetrachloroethylene 4.9 E-07 5.1 E-02 2.5 E-08

Trichloroethylene 3.1 E-04 1.1 E-02 3.4 E-06

Total Pathway Risk 8.0 E-06
‘CDI = CtWOUiCdid y intake.
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Table S-29. Su~ace Soil Risk Characten”zation: Carcinogetdc Effects
Future On-Site Residential Site/SWUU 7

Chemical CDI(m) Oral Slope Factor Chemical Specific
(mg/kg/day) (mg/kg/day)-’ Risk

Pathwav:Dermal ExDosure

Beryllium 4.8E -08 8.6E + 01 fLULQ.4

Totat Pathway Risk 4.lE -06

Pathwav: Ingestion

Beryllium 8.OE -07 4.3E + 00 3.4E -06

Total Pathway Risk 3.4E -06

Total Site Risk 7.5E -06
CDI = Chronic da‘ly intake.
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Table 5-30. Su~ace Soil Risk Characteriz-adon: Carcinogerdc Effects
Future On-Site ResideM”al Siles/SWUUs 10/11

Chemical CDI(@ Oral Slope Factor Chemical
(mg/kg/day) (mg/kg/day)-’ Specific R~k

Pathwav: Dermal Exposure

2,4,6-Trinitrotoluene 7.8E -01 3.lE -02 2.4E -02
2,4-Dinitrotoluene 3.lE-04 7.2E -01 22E -04-

Total Pathway Risk 2.4E -02

Pathwav: Ingestion

2,4,6-Trinitrotoluene 3.3E -02 3.OE -02 9.8E -04
2,4-Dinitrotoluene 1.3E -05 6.8E -01 8J31LQ6

Total Pathway Risk 9.9E -04

>-

Total Site Risk: 2.5E -02

‘CDI = ChIOlliCdidly intake.
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Table S-31. Grourtdwater Risk Characterization: Carcinogen’c Effects
Future On-Site Residential Sites/SWWUs 10/11

Chemical CDI(’) oral slope Chemical Specific
(mg/kg/day) Factor Risk

(mg/kg/day)-’

Pathway: Ingestion

Arsenic 1.6E-03 1.75E+O0 2. 8E-03

Bis(2-ethylhexyl)phthalate 1.49E-04 1.4E-02 2. lE-06

chloroform 2.97E-05 6. lE-03 1.8E-07

Cycionite(RDX) 2.38E-03 1. lE-01 2.6E-04

2,4-Dinitrophenol 2.97B-04 6.8E-01 2. OE-04

2,4,6-Trinitrotoluene 5.56E-04 3.OE-02 1.7E-05

Total Pathway Risk 3.3E-03
Y2DI = CbOtiC dady intake.
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5.2.2 Non-Carcinogerta

5.2.2.1 On-Site Industrial Worker

The noncarcinogettic hazard for future industrial workers is the same as that for the current
use scenario (see Section 5.1 .2).

5.2.2.2 On-Site Resident

The risk characterization for exposure to surface soils by hypothetical future residents is
shown in Tables 5-32 and 5-33. The total site hazards for soil pathways are 4.4 EQ (RME)
and 1.3 Em (average exposure). Hazards of 1.4 E+O’RME (Table 5-34) and 1.0 E+w
average exposure (Table 5-35) are opted for exposure to groundwater.

The risk characterization from exposure of hypothetical future residents to soils at 1 is
presented in Table 5-36. The dermal and ingestion hazard indices are 2.1 E’”’ and 3.9 E4],
respectively. Inhalation reference doses were not available for the chemicals of potential
concern; therefore, the hazard index for inhalation could not be calculated.

The risk characterization from exposure of hypothetical titture residents to groundwater at 2
are 4.9 E+w RME and 3.7 E4’ average exposure (see Tables 5-37 and 5-38). Soil and air
pathways were not complete for this site/SWMU. Potential hazards from exposure to on-site
surface soils at 3 are presented in Table 5-39. For dermal exposure and ingestion, the

. hazard is 6.7 E43 and 2.2 Em, respectively.

The risk characterization for exposure to surface soils at 7 is presented in Table 5-40. The
hazard is nearly the same for den-nal exposure and ingestion (6.8 and 6.9 Em, respectively),
yielding a total hazard index of 1.4 E41 for soil.

The sum of future residential non-carcinogenic hazards from surface-soil exposure at
Sites/SWMUs 10/11 is 4 E+03, including 3.9 E+03from dermal absorption and 1.5 E+m from
ingestion (see Table 5-4 1). The non-carcinogenic hazards calculated for groundwater
exposure at Sites/SWMUs 10/11 are presented in Table 5-42. The total hazard quotient
calculated was 2.1 E+O’. This value is considerably above the value of unity, suggesting
potential concern for adverse health effects from exposure to groundwater at this location.
Fluoride and arsenic have the highest harard quotients and appear to be primary contributors,
with values of 3.8 E+Oand 1.3 E+O’,respectively. The chemical 2,4,6 -trinitrotoluene shows
a hazard quotient of 2.6 E ‘0, and may also indicate potential concern. Another chemical
with a hazard quotient above unity is thallium, with a value of 1.7 E ‘O. The hazard quotient
of these four chemicals combined comprise the majority of the pathway hazard. Reference
doses were not available for the volatile chemicals of concern in soil; therefore, a hazard
index for inhalation of volatiles could not be calculated.
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Table 5-32. Su#ace Soil Risk Characterization: Noncarcinogem”cEffects
Reasonable Mm”mum Exposure
Future On-Site Residential
Sites/SUMus 12, 14, 15, 29, 30 (Industn”alArea)

Chemical CDI(’) Adjusted RfDo) Hazard
(mg/kg/day) (mg/kg/day) Quotient

Pathwav:“Dermal
Exoosure

Cadmium 4.9E -07 4.OE -05 1.2E -02
Chromium 5.OE -06 1.OE -03 5.OE -03
Fluomnthene 3.7E -05 3.8E -02
Pyrene

9.7E -04
3.2E -04 2.9E -02

zinc
1.lE-02

1.5E-04 1.OE -02 1.5E -02

Total Pathway Hazard 4.4E -02

Pathwav: Ingestion

Cadmium 1.2E -05 5.OE -04 6.2E -09
. Chromium 1.2E-04 5.OE -03 6.2E -07

Fluoranthene 2.3E -06 4.OE -02
Pyrene

9.lE -08
2.OE -05 3.OE -02

zinc
6.OE -07

3.8E -03 2.OE -01 77E-04-

Total Pathway Hazaxrl 8.OE -04

Total Site Hazard 4.5E -02
WDI = Chronic dill“Iy intake.
bRtD = reference dose.
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Table 5-33. Su~ace Soil Risk Characten’zation: Noncareinogerdc Effects
Average Exposure
Future On-Site Residential
Sites/SWt4Us 12,14,15,29,30 flnd~ln>l Area)

Chemical CD1(.) Adjusted Rf@ Hazard
(mg/kg/day) (mg/kg/day) Quotient

Pathwav: Dermal
ExlJosure

Cadmium 4.lE -08 4.OE -05 1.OE -03
Chromium 5.4E -07 1.OE -03 5.4E -04
Fluomnthene 6.7E -06 3.8E -02 1.8E -04
Pyrene 3.9E -05 2.9E -02
zinc

1.3E -03
1.5E -05 1.OE -02 1.5E -03

Total Pathway Hazard 4.5E -03

Pathwav: Ingestion

Cadmium 1.2E -06 5.OE -04
Chromium

2.4E -03
1.6E -05 5.OE -03 3.2E -03

Fluoranthene 4.9E -07 4.OE -02 1.2E -05
Pyrene 2.8E -06
Zhc

3.OE -02 9.3E -05
4.5E -04 2.OE -01 ~

Total Pathway Hazard 8.OE -03

Total Site Hazard 1.3E -02
m = Chronic ddy Intake.

bRfD = reference dose.
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Table 5-34. Groundwater Risk Chnracten”ution: Noncarcinogem”cEffects
Reasonable Maximum 13posure
Future On-Site Resideti”al
Sites/SUMUs 12,14, 1S,29,30 (Industn”alArea)

CD1(.) Rf@) Hazard
Chemical (mg/kg/day) (mglkglday) Quotient

Arsenic

Barium

Beryllium

Chromium

Fluoride

Magnesium

N]ckel

Thallium

zinc--

Bis(2-ethylhexyl)phthlate

Carbon tetrachloside

Chloroform

Cyclonite

1,1-dichloroethene

1,2-dichloroethylene

Toluene

1,1, l-trichloroethane

7.5 E-04

4.1 E-03

5.4 E-05

2.4 E-02

3.5 E-05

3.0 E-03

1.0 E-02

1.7 E-W

6.4 E-02

2.7 E-02

1.4 E-03

1.7 E-04

2.9 E-04

8.8 E-05

1.7 E-04

2.9 E-04

1.6 E-03

3.0 E-04

7.0 E-02

5.0 E-03

5.0 E-03

6.0 E-02

1.0 E-01

2.0 E-02

7.5 E-05

2.0 E-01

2.0 E-02

7.0 E-04

1.0 E-02

3.0 E-03

9.0 E-03

1.0 E-02

2.0 E-01

9.0 E-02

2.5 E+OO

5.9 E-02

1.1 E-02

4.9 E+OO

5.8 E-04

3.0 E-02

5.0 E-01

2.3 E+OO

3.2 E-01

1.3 E+OO

2.0 E+OO

1.7 E-02

9.6 E-02

9.8 E-03

1.7 E-02

8.5 E-04

18 E-02-

Total Pathway Hazard Index 1.4 E+O1
ZDI = Chronicdaily intake.
bRtD = reference dose.
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Table 5-35. Groundwater Risk Characten”r.ation: Noncarcinogem”cEffects
Average Erposure
Future On-Site Residential
Sites/SWt4Us 12,14,15,29,30 (Industrial Area)

CDI(a) mm) Hazard
Chemical (mg/kg/day) (mglkglday) Quotient

Arsenic

Barium

Beryllium

Chromium

Fluoride

Magnesium

Nickel

Thallium

zinc

Bis(2-ethylhexyl)phthlate

Carbon tetsactdonde

Chlorofono

Cyclonite

1,1-dichloroethene

1,2-dlchloroethylene

Toluene

1,1,1 -trichloroethane

2.8 E-OS

5.0 E-04

8.2 E-07

2.8 E-04

2.5 E-05

2.1 E-03

8.3 E-03

2.1 E-05

3.0 E-03

3.5 E-04

2.5 E-05

1.2 E-05

2.4 E-W

1.1 E-05

1.2 E-05

1.0 E-05

1.0 E-05

3.0 E-04

7.0 E-02

5.0 E-03

5.0 E-03

6.0 E-02

1.0 E-01

2.0 E-02

7.5 E-05

2.0 E-01

2.0 E-02

7.0 E-04

1.0 E-02

3.0 E-03

9.0 E-03

1.0 E-02

2.0 E-01

9.0 E-02

9.3 E-02

7.2 E-03

1.6 E-04

5.5 E-02

4.2 E-04

2.1 E-02

4.2 E-01

2.7 E-01

1.5 E-02

1.8 E-02

3.6 E-02

1.2 E-03

8.0 E-02

1.2 E-03

1.2 E-03

5.1 E-05

Ll&!24

Total Pathway Hazasd Index 1.0 E+OO
WDI =Cm ~ daily intake.
bRtD = reference dose.
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Table 5-36. Su@ace Soil Risk Characten”zation: Noncarcinogem”cEffects
Future On-Site Residential Site/SWMU 1

Chemical CDI(a) Aduated IUD*) Hazard
(mg/kg/day) (mg/kg/day) Quotient

Pathwav:Dermal ExDosure

Barium 1.5E -05 3.5E -03 4.3E -03
Cadmium 3.4E -07 4.OE -05 8.5E -03
2,4,6-Trinitrotoluene 1.OE -02 4.8E -04 2.lE + 01

Total Pathway Hazard 2.lE + 01

Pathw av: Itwestion

Barium 1.2E-04 7.OE -02 1.7E -03
Cadmium 2.5E -06 5.OE -04 5.OE -03
2,4,6-Trinitrotoluene 2.OE -04 5.OE -04 3.8E -01

Total Pathway Hazard 3.9E -01

Total Pathway Hazard Index SoiI: 2.lE + 01
TDI = Ctuonlc da“ly intake.
bRfD = reference dose.
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Table 5-37. Groundwater Risk Characterizadon: IVoncarcinogenic Effects
Reasonable Jhrimum Exposure
Future On-Site Residential Site/SU%fU 2

CDI(’) IUD*) Hazard
Chemical (mg/kg/day) (mg/kg/day) Quotient

Arsenic

Carbon tetrachlonde

chloroform

Chromium

Cadmium

1,2-Dichloroberwene

1, l-Dichloroethane

1,1-Dichloroethene

Ethylbetrzene

Manganese

Tetrachloroethylene

Toluene

1,1,1 -Trichloroethane

m-Xylene

o-Xylene

zinc

1.1 E-04

1.4 E-03

4.9 E-05

1.4 E-03

4.2 E-04

2.8 E-05

5.3 E-03

1.0 E-04

2.1 E-05

1.9 E-01

1.1 E-05

4.2 E-05

7.0 E-03

1.3 E-04

3.5 E-05

3.1 E-02

3.0 E-04

7.0 E-04

1.0 E-02

5.0 E-03

5.0 E-03

9.0 E-02

1.0 E-01

9.0 E-03

1.0 E-01

1.0 E-01

1.0 E-02

2.0 E-01

9.0 E-02

2.0 E+OO

2.0 E+OO

2.0 E-01

3.5 E-01

2.1 E+OO

4.9 E-03

2.8 E-01

8.4 E-02

3.1 E-04

5.3 E-02

1.1 E-02

2.1 E-04

1.9 E+OO

1.1 E-03

2.1 E-04

7.8 E-02

6.7 E-05

1.8 E-05

l&.E!ll

Total Pathway Hazard Index 4.9 E+OO
WDI = Chrome da‘ly intake.
‘RfD = reference dose.
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Table 5-38. Groundwwter Risk Characten’Ution: Noncarcinogenic Effects
Reasonable Marimum .?hposure
Future On-Site Residential Site/SWi14U2

CD~) R@’) Hazard
Chemical (mg/kg/day) (mg/kg/day) Quotient

Arsenic

Carbon tetractdoride

Chromium

Cadmium

1,2-Dichlorobetwene

1,1-Dichloroethane

1,1-Dichloroethene

Ethylhenzene

Manganese

Tetrachloroethylene

Toluene

1,1,1 -Trichlomethane

m-Xylene

o-Xylene

zinc

1.9 E-05

5.7 E-OS

9.9 E-05

4.2 E-04

4.6 E-06

4.3 E-04

8.6 E-06

1.7 E-06

1.0 E-02

1.1 E-06

3.4 E-06

5.9 E-04

1.1 E-05

2.9 E-06

2.0 )3-03

3.0 E-04

7.0 E-04

5.0 E-03

5.0 E-03

9.0 E-02

1.0 E-01

9.0 E-03

1.0 E-01

1.0 E-01

1.0 E-02

2.0 E-01

9.0 E-02

2.0 E+OO

2.0 E+OO

2.0 E-01

6.3 E-02

8.2 E-02

2.0 E-02

8.4 E-02

5.1 E-05

4.3 E-03

9.6 E-04

1.7 E-05

1.0 E-01

1.1 E-04

1.7 E-05

6.6 E-03

5.5 E-06

1.4 E-06

SL.8_EQ

Total Pathway Hazard Index 3.7 E-01
_VDI = Chronic da“Iy intake.

bRfD = reference dose,.
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Table 5-39. Su@ace Soil Risk Characten”zation: Noncarcinogenic Effects
Future On-Site Residential Site/SUL!4U3

Chemiral CDI(8) Adjusted RfDo) Hazard
(mg/kg/day) (mglkglday) Quotient

Pathwav: Dermal
Exposure

Chromium 6.7E-06 1.OE -03 6J?L03

Total Pathway Hazard 6.7E -03

Pathwav: Ingestion

1.lE-04 5.OE -03 22E-02-

Total Pathway Hazard 2.2E -02

Total Pathway Hazard Index 2.9E -02
-T!LT = Chrolucdaly intake.

. ---- bRtD = reference dose.

110



Table 5-40. Sur@ce Soil Risk Characterization: Noncarcinogenic Effects
Future On-Site Residential Site/SWt4U 7

Chemical CDI(’) Adjusted IUD@) Hazard
(mg/kg/day) (mg/kg/day) Quotient

Pathwav: Dermal
EXDOSUR

Eeryllium 1.lE-07 2.5E -04 4.4E -04
Cadmium 6.7E -07 4.OE -05
N]ckel

1.7E -02
5.6E -06 1.OE -03 5.6E -03

zinc 4.4E -04 1.OE -02 4.4E -02
Fluoride 1.4E -06 3.OE -03 4.7E -04

Total Pathway Hazard 6.8E -02

Pathw av: Iswestion

Eeryllium 1.9E -06 5.OE -03 3.7E -04
Cadmium 1.2E -05 5.OE -04
Nickel

2.4E -02
9.8E -05 2.OE -02 5.2E -03

zinc 7.3E -03 2.OE -01 3.9E -02
Fluoride 2.4E -05 6.OE -02 4.2E -04

Total Pathway Hamrd 6.9E -02

Total Pathway Hamrd Index 1.4E -01
CDI = Chronic da‘ly intake.

bRtD = reference dose.
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Table .5-41. Surjace Soil Risk Characten”wtion: Noncarcinogenic Effects
Future On-Site Residential Sites/~Us 10/11

Chemical CDP) Adjusted MD@) Hazard
(rng/kg/day) (mg/kg/day) Quotient

Pathwav: Dermal
EXDOSUE

Barium
Silver
zinc
Nhrate/Nhnte
1,3,5 -trinitmbe.nzene
2,4,6-trinitrotoluene

Pathwav: Ineestion

Barium
Silver
zinc
Nhrate/Nitrite
1,3 ,5-trinitrobenzene
2,4,6-trinitrotoluene

9.OE -06
4.4E -09
3.5E -06
1.3E -05
4.OE -03
1.8E-00

1.5E -04
7.3E -08
5.9E -05
2.2E -04
1.7E-04
7.6E -02

3.5E -03
2.5E -04
1.OE -02
5.OE -03
4.8E -05
4.8E -04

Total Pathway Hazard

7.OE -02
3.OE -03
2.OE -01
1.OE -01
5.OE -05
5.OE -04

TotaI Pathway Hazard

2.6E -03
1.8E -05
3.5E -04
2.6E -03

8.3E + 01
3.8E + 03

3.9E + 03

2.lE -03
2.4E -05
3.OE -04
2.2E -03

3.4E + 00
1.5E + 02

1.5E + 02

Total Pathway Hazard Index 4.OE + 03
WDI = Chronic daily intake.
bRfD = reference dose.
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Table 5-42. Groundwater Risk Characterim”on: Noncarcinogenic Effects
Future On-Site Residential Sites/SU%fUs 10/11

CDI(’) RfD Hazard
Chemical (mg/kg/day) (mg/kg/day) Quotient

Pathwav: Ingestion

Arsenic

Barium

Chromium

Copper

Fluoride

Nickel

Silver

Thallium

zinc

Benzyl Alcohol

Bis(2-ethylhexyl)phthlate

Chlorofom

Phenol

Toluene

2 ,4,6-Trinitrotoluene

3.82 E-03

3.26 E-03

5.21 E-04

1.15 E-03

2.3 E-01

1.15 E-03

2.08 E-05

1.18 E-04

3.12 E-03

2.78 E-04

3.47 E-04

6.94 E-05

1.04 E-04

2.08 E-04

1.30 E-03

3.0 E-04

7.0 E-02

5.0 E-03

3.7 E-02

6.0 E-02

2.0 E-02

3.0 E-03

7.0 E-05

2.0 E-01

3.0 E-01

2.0 E-02

1.0 E-02

6.0 E-01

2.0 E-01

5.0 E-04

1.3 E+OI

4.7 E-02

1.0 E-01

3.1 E-02

3.8 E+O

5.7 E-02

6.9 E-03

1.7 E+O

1.6 E-02

9.3E-04

1.7 E-02

6.9 E-03

1.7 E-04

1.0 E-03

2.6 E+O

Total Pathway Hazard Index 2.1 E+O1
CD1 Chro= ~~ daily intake.
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5.3 RISK CHARACTERIZATION SUMMARY

On-site and off-site risks for current and future land-use conditions are summarized in Tables
5-43 through 5-45. The exposure pathways considered arw for surface soif, grrmndwater, and
air. Permanent surface water and associated stream sediients are not present on TEAD-N
because of meteorological conditions and physicaf site characteristics. Note that RME vafues
for total pathway risk and hazard are given for all cases in Tables 5-43 through 5-45.
(Where data were available, average risk and hazard were calculated and summed where
appropriate.)

5.3.1 Current Land Use

Carcinogenic risk for industrial exposure to surface soifs and volatilized chemicals on the
industrial eastern portion of the site is estimated to be 3.9 EM, afthough no noncarcinogenic
heafth hazard is indicated. This portion of the base comprises the sanitary landfti, sewage
lagoons, and dmm storage areas. The estimated risk level is higher than the generally
accepted carcinogenic risk level of 1 EM. Other on-site worker exposure scenarios for which
data were available (Site/SWMU 1) showed potentiat for carcinogenic risk and for
noncarcinogenic heafth hazards. The estimated risk level for on-site residents was 1.3 E“~,
with no noncarcinogenic heafth hazard indicated.

Under current conditions, there are no complete pathways for on-site exposure to
groundwater. The lack of airborne particulate concentration data precluded assessment of the

. particulate inhalation pathway.

Four of five off-site exposure scenarios showed a potential risk (Table 5-44). Carcinogenic
risk for residents ingesting groundwater from Weff 12, which is approximately 22,000 feet to
the north of the industrial area, was 1.1 EM. Groundwater in this area is potentially
influenced by the industrial eastern pmtion of the site. Carcinogenic risk with no adverse
health hazard was indicated for residents of Grantsvilfe, the city of Tooele, and Stockton.

5.3.2 Future Land Use

The most signifkant potentiaf carcinogenic risk to hypothetical future on-site residents is
2.8 EQ, related to soil exposure and groundwater ingestion at the TNT Washout Facility
(Sites/SWMUs 10/11). This value is above the EPA remedial goals of 1 E“wto 1 Em risk.
The potential for adverse noncarcinogenic heafth effects afso is indicated by a Hamrd Index
of 4.0 E’m (see Table 5-45). A potentiaf signitlcant incremental cancer risk is indicated by
risk estimates of 1.2 EM and 7.5 E-u for hypotheticrd future residents exposed to surface
soils on the OB/OD Areas and the Chemicrd Range (Sites/S WMUs 1 and 7, respectively).
The Hazard Index afso exceeds unity at the OB/OD Areas. The industrial eastern portion of
the site shows carcinogenic risks of 7.4 EO and heafth hazards of 1.4 E+O’to a future
hypothetical resident for RME levels. However, note that available average-carcinogenic-
risks vafues for the industrial area are within EPA remdlation goals, and the hazard index
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does not exceed unity, indicating no concern for non-carcinogenic health effcxts. The hazard
index for a resident consuming groundwater at the IWL is above unity (4.9 E+~ for RME
levels. However, for average exposure Ievels the hazard index is well below unity.

5.3.3 Site-Wide Risk

The carcinogenic risk and health hazards for off-site receptors for the groundwater and air
pathways would represent practicable site-wide risk to these receptors. As shown in Table 5-
45, the totat pathway carcinogenic risk to residents of Grantsville, Stockton, and the city of
Tooele are above the EPA remedial goal. The on-site industrial-worker scenarios also would
represent area-wide risk for the eastern portion of TEAD-N. The total pathway carcinogenic
risk for industrial workers is above EPA remedkl goals (see. Tables 5-43 and 5-45). The
present deftition of extent of contamination and the areal separation between waste sites
preclude complete chamcterization of base-wide risk for TEAD-N.

5.4 UNCERTAINTY ANALYSIS

One of the largest sources of uncertainty in the risk characterization is the lack of verified
toxicological data for the chemids of potentiti concern. SixtMn of the chemic~s of
potential concern classit%d by USEPA as carcinogens lack either oral- or inhalation-slope
factors or both. Without slope factors, these chemicals cannot be included in the
quantitlcation of potentiat risk. Chromium, one of the four chemicals of potential concern
classified as rm A (known) carcinogen, was found at elevated levels in soil at the industrial
area. It does not have an oral-slope factor and, therefore, cannot be included in the
estimation of risk to on-site workers. Lack of inhalation toxicity factors for the volatiles
found in surface soils at Sites/SWMUs 1 and 10/11 prevented quantitative evaluation of
potential risk or hazard from inhalation of those volatiles at those sites. Nhrate was found in
very high concentrations in groundwater at Sites/SWs 10/11 (.2642 pg/1) and in moderate
concentmtions at 1 (.0175 yg/1), but it does not have oral-toxicity factors and cannot be
included in the quantitative-risk characterization.

On the other hand, the chemical that contributed most to the estimate of cancer risk at
Sites/SWMUs 10/11 through the soil ingestion and demral absorption pathways is 2,4,6-
trinhrotoluene. This chemical, however, with a weight-of-evidence classitlcation of C, has
shown no evidence of carcinogenicity in humans and only limited evidence in animals. In
addition, 2,4, 6-trinitmtoluene also contributed signitlcanfly to risk through groundwater
ingestion at Sites/S Ws 10/11. RDX, another chemical classifkd C, was responsible for
over half (54 pement) of the risk at Sites/S WMUs 10/ 11 from groundwater ingestion.

In order to account for the fact that the intake from dertnal absorption represents an absorbed
rather than an administered dose, adjustments were made to the toxicity factors that were
used to estimate risk and hazard. These adjustments were based on an estimate of
gastrointestinal-absorption eftlciency (applied to the oral-slope. factor of IUD). Due to lack
of availabIe &ta on oral absorption efficiency for some of these chemicals, a conservative
assumption of gastrointestinal absorption efficiency of 5 percent was assumed for metals and
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inorganic and 95 percent for organics. Use of a default factor introduces uncertainty into
the chamcterization of risk from soil-dermal absorption.

Uncertainty can result from assessing the toxicity of a mixture of chemicals. For each
exposure pathway, chemicals present at a site were assumed to act additively, and risk was
evaluated by summing cancer risks and calculating hazard irrdices. This may overestimate or
underestimate risk depending upon the extent to which this assumption is correct.
Uncertainty can also result from combtig all pathways for a site, which assumes that one
individual would he exposed to all of those pathways.

Two pathways for groundwater-exposum dermal absorption and inhalation during showering
were not evaluated due to lack of sufficient data to adequately model these potential
exposures.
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6.0 UNCERTAINTY ANALYSIS

Uncertainty can arise in each phase of the risk-evaluation process. The net effect can be
either an underestimation or overestimation of potential risk to receptors. This PBRA is
based on existing &ta. Many sites are incompletely characterized, and no sampling has been
completed at others. ‘lIre results of the fate and transport models are based on either the
single or maximum concentration reported for a given chemical. A range in concentrations
could not be defined for this screening-level risk evaluation.

6.1 DATA EVALUATION

Uncertainty in site chamcterization exists because of the limited sample data and the
variability of sample types. At a number of sites, the sample concentrations were not
necessarily characteristic of affected mrda. The limited number of samples collected at
some sites and lack of replication psevent development of means and evaluation of standard
error. The lack of adequate background data for some chemicals may result in improper
elimination or inclusion for risk analysis.

Uncertainty in the representativeness of groundwater data results fmm the fact that several
sites are in close proximity and monitoring data from a single well may inappropriately
characterize a site for fate and transport modeling. Groundwater analytes were inconsistent
among sites.

.

6.2 CHEMICALS OF POTENTIAL CONCERN

Limited site data and inadequate background data can affect the selection of appropriate
chemicals of potential concern, thereby creating uncertainty in the risk characterization.

6.3 EXPOSURE ASSUMPTIONS

The incomplete characterization of affected rneda and deftition of extent of contamination at
some waste sites incseasc uncertainty in pathway analysis and subsequent intake calculations.
Data limitations, such as no seliable ambient particulate concerstmtions and no site-specitlc
meteorological data, prevent development of some complex exposure pathways and allow
only screening-level analysis of fate and transport.

Uncestaissty is inherent in the applicability of selected fate and transport models for given
exposure scenarios in emission-rate deviation and transport assumptions for volatile organics.
Seveml parameter values must be estimated for intake equations. A number of the exposure
pammeters are standard default values supplied by the EPA, rather than site-specflc values.

A residential future land-use scenario was developed for the eastern portion of the site even
though industrial use is expected to continue for the foreseeable fiture. Therefore, risk
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estimates derived for the residential scenario may overestimate risk posed by the eastern
portion of the site.

6.4 TOXICITY ASSESSMENT

Lack of toxicity values for some chemicals prevent their inclusion in the overall risk
characterization and may result in underestimation of risk or health hazard. The weight-of-
evidence classification of carcinogens affects the signifkance of estimated risks.
Assumptions employed in converting inhalation-unit risks and reference concentrations to
doses contribute to uncertainty in the toxicity assessment. A number of the dermal toxicity
values developed in the toxicity assessment are based on assumptions of gastrointestinal-
absorption efficiency.

6.5 RISK CHARACTERIZATION

Sixteen of the chemicals of potential concern lacked either oral- or inhalation-slope factors or
both, thereby precluding their inclusion in the carcinogenic risk characterization.
Uncertainty can result from assessing the risk from chemical mixtures. Chemicals present at
the sites were assumed to act additively, and risks were derived by summation of chemical-
spedlc risks. This may overestimate or underestimate risk. Further uncertainty arises in
the combmtion of risks from severat pathways to represent risk for a single receptor.
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7.0 DATA NEEDS

This PBRA is based on &ta available at present. The RI has not been completed to date.
Data needs for the BW will be developed on the basis of the Final Work Plan for RI/FS
(USATHAMA, 1992).

7.1 GENERAL. DATA REQ~S

A sufficient number of samples (minimum of three) are required to calculate mean and upper
95-percent-corsfidence limits and to define extent of contamination for chemicals of concern
in all affected media at each waste site.

Existing background data for groundwater arc inadequate in terms of the analytes, and
quality is suspect. Suftlcient background samples should be collected to permit statistical
comparisons between background levels and concentrations in affected media

7.1.1 soil

Surface-soil samples are required to properly evaluate soil-exposure pathways.

7.1.2 Groundwater

Aquifer characteristics are insuftlciently described across TEAD-N. Spectilcally, additional
characterization should include site-wide determinations of the hydraulic gradient (both
verticat and horizontal), porosity, hydmulic conductivity, fraction organic carbon, and
aquifer thickness. The extent of groundwater contamination relative to each waste site
should be defined.

7.1.3 Air

The following minimum information is required for a detailed air-impact study:

● On-site meteoro lorical data. A minimum of l-year &ta will be required.

● Detailed surface-soil data for all Sites/SWMU s with surtlcial contansirsation. This includes
Sites/SW?vfUs for which current soil data are inadequate to rule out subsequent air
contamination by volatilization and/or wind erosion.

● Soil-gas SiUtlDles for all contaminated areas. The soil-gas results will be used to verify the
accuracy of the emission-rate estimates predicted by CHEMDAT7.
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. Ambient uart iculate data at contaminated sites. Results of the particulate monitoring will
be used to estimate emissions of particulate and non-volatile toxic-air pollutants.
Particulate data must be collected accordiig to EPA criteria and should include PMIOand
Total Suspended Particulate (TSP) only at sites with known sutilcial contamination.

● The oil content of the soil, The total organic carbon content of the soil was used for this
report and may tend to overestimate emission rates of the VOCS.
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1.0 INTRODUCTION

1.1 MOTIVATION FOR FATE AND TRANSPORT MODELING

A health risk assessment is being performed for the North Area of the Tooele Army Depot
(TEAD-N). The health risk assessment focuses on (1) long-term health effects caused by living
near the TEAD-N facility (off-site residential), (2) long-term health effects caused by living at
the TEAD-N facility (future on-site residential), (3) long-term health effects caused by worker
exposure within the industrial area of the TEAD-N facility (on-site worker), and (4) long-term
health effects caused by living at the existing full-familyand WHERRY housing at the TEAD-N
facility (current on-site residential). For scenarios (1) and (2), it is assumed that a person living
at the impacted area will be exposed for 30 years over a lifetime. For scenarios (3) and (4), it
is assumed that a perrar working or currently living on-site will be exposed for 10 years over
a lifetime. The average length of residence for the current on-site residential scenario does not
exceed 2 years.

To address health risks associated with the inhalation pathway, air quaMy impacts related to
volatile-organic-compound (VOC) emissions from TEAD-N were needed. Fate and transport
modeling was used to estimate these impacts.

1.2 PROJECT OVERVIEW

The TEAD-N facility has been used, in part, for storage, treatment, and testing of conventional
weapons and chemicals. Past activities at TEAD-N have resulted in the disposal or release of
harardous compounds to the environment (i.e., the ground, run-off water, and the atmosphere).

A remedial investigation has been performed for TEAD-N to determine potential risks to the
local population and the environment associated with these activities. During the investigation,
a number of contaminated ground-surface sites (hereinafter referred to as SiteNSWMUs) at the
facility were identified as potential wmrces of continued groundwater contamination and air
emissions of toxic pollutants. At each Site/SWMU, toxic compounds identified for further
review included organic compounds and/or heavy metals.

Air emissions of toxic compounds from the Sites/SWMUs can occur by either direct
volatilizationof the toxic compoundsor by entrainment of contaminateddust from wind erosion.
With entrainment, it is assumed that smaIl amounts of the organic compounds or heavy metals
comprise or are adsorbed into the surface of dust particles At ambient temperatures, the heavy
metalscan only become airborne by entrainment. However, the organic compoundscso become
airborne through either entrainment or volatilization.

This appendix sum- fate and transport through the atmosphere by volatilization only. As
such, only the VOCSare considered. Insufficient data exist to evaluate solid-phase contaminants
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in the atmosphere. Fate and transport were assessed using an air-emissions model and an air-
dispersion model. These models are discussed in Sections 2.0 and 3.0 of thk report.

In addition, air emissions of VOCSfrom two proposed air strippers at the TEAD-N facility will
be considered in the analysis. The air strippers will be used for groundwater remediition.

1.3 EXISTING ENVIRONMENT

The TEAD-N facility is located in the Tooele Valley of northern Utah. It covers approximately
100 square kilometers (km) arrd is surrounded by three small towns located just beyond the
facil@ boundarkx Grantsville (0.8 km to the north), Tooele (adjacent to TEAD-N to the east),
and Stockton (3.4 km to the south). These towns are also within the Tooele Valley.

The terrain within TEAD-N boundaries is generally uniform with a moderate slope toward the
north. The facility is surrounded by rugged terrain to the south, west, and east. The three
surrounding towns lie at the base of the mgged terrain.

The climate is arid. Potential evapotranspiration exceeds precipitation for most months. As
such, there is little or no standing water most of the year.

1.4 SITE/SVVMUDESCRIPTIONS

The Sites/SWh4Usare distributed mainly over the southern and eastern portions of the TEAD-N –
facility with the industrial SitesLSWMUsconcentrated in the eastern portion. A list of
Sites/SWMUs identified in the remedhl investigation for further review is given in Table A-1,
along with a brief description and awl coverage of contamination. Not all SitesLSWMUs were
identified as having potential air emissions of VOCS. Contaminant concentrations and tir-
emission rates we dkcussed in Section 2.0.

Sites/SWMUs 2,4, 12, 14, 15, 17,29,30,32, and 42 are considered to be in the industrial area
of the facilhy. Site/SWMU 2 is capped and will not be included in the air fate and transport
analysis. For the purpose of the health risk assessment, it is assumed that these Sites/SWMUs
will remain industrial. All other Sites/SWMUs are considered to be possible, future, residential
sites.

1.5 AIR-STRIPPER DESCRIPTION

The two air strippers will be housed withhra single, 20-foot-tallbuilding located approximately
1.7 kilometers to the northeast of SiteMWMU2. The air strippers will operate continuouslyand
will have a design life of 30 years. Each unit will treat contaminatedgroundwater and will omit
3.19 pounds of trichloroethyleneper hour into the atmosphere. The stack characteristics of each
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T&k? A-1. Site/SWMU Descnptionr

An?al Potential
SiteJ Coverage Voc Air

SWMU # Description (ft? Emissions’

1

2

3

4

5

6

7

10, 11

12, 15

14

17

20

21

25

29

30

32

36

38

41

42

Open burning/open detonation areas

Former industrial wastewater lagoon

X-ray lagoon

Sandblast facility

Pole transformer PCB spill

Old bum area

Chemical range

TNT washout area

Sanitary landfdl

Sewage lagoons

Former transformer storage area

Furnace, paling lot, and underground tank

Deactivation timace area (building 1320)

Battery shop

Drum storage area

Old wastewater lagoon

PCB spill site

Old bum staging area

Industrial wastewater treatment plant

Box elder wash drum site

Deactivation tlmace area (building 539)

736,500

880,192

2,500

90,000

3,750

2,226,000

9,850

1,053,959

13,924,578

840,000

210,000

43,750

6,250

44,750

944,063

481,200

22,500

101,200

625

90,000

50,700

yes

no

no

no

no

no

no

yes

no

no

no

no

no

no

yes

yes

no

no

no

no

no

‘Potential emissions due to vohtilization at ambknt temperature.
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unit are as follows: stack height of 50 feet, stack diameter of 12 feet, and ambient exit
temperature. The flow rate is unknown at this time. Therefore, these units will be _
conservatively modeled as area sources with ground-level releases. This will yield higher (i.e.,
more conservative) ground-level impacts than modeling the units with an elevated plume.

2.0 EMfSSION RATE ESTIMATES ‘

2.1 CHEMDAT7 MODEL

Emission rates for VOCS were estimated using U.S. Emircmmenta-1Protection Agency’s
(USEPA)CHEMDAT7 air emission modelsdescribed in USEPA’sHazardour Waste Trea.t?nent,
Storage, and Disposal Facilities (ZSDF)- Air Emission MoaMr (EPA-45013-87-026, November
1989). This model was identified as the most appropriate model available through discussions
with the USEPA for estimating emissionsof VOCSfrom contaminated soil fpersonal discussion
w“thMr. Clark Allen-Research Triangle Institute (developer of the CHEMDA17 model), Mmary
24, 1992)

CHEMDAT7 is a Lotus 1-2-3”spreadsheet that includes analytical models for estimating VOC
emissions from treatment, storage, and d@osal facility (TSDF) processes based on user-
specified input parameters. The available models include disposal impoundments, closed
landfills, land-treatment facilities, and aeration and nonaeration impoundment processes. The
land-treatment model is the most applicable to the situation at the TEAD-N facility.

CHEMDAT7 calculates fractions of waste constituents that are dkributed among pathways
(pastition fractions) applicable to the facility behg modeled. A pathway is defined as any
process, physical or chemical, that removes VOCSfrom the site. CHEMDAT7 considers the
following pathways: adsorption, migration, runoff, biological decomposition, photochetnical
decomposition, hydrolysis, oxidationkduction, hydroxyl radical reactions, and volatilization.
The principal pathway of the VOCSmodeled in thk study is volatilization.

2.2 SOURCE DATA

Contaminants and concentrations present in the soil and groundwater were listed for each
Site/SWMU on Worksheet 1 (not shown) from USEPA’SSupe@nd Public Healrh Evalti”on
Manual (EPA 540/ 1-86-060). For Sites/SWs with 20 or more contaminants listed on
Worksheet 1, USEPA guidance allowed selection of a reduced number of contaminants for
review using Worksheet 5 (not shown).

The VOCSlisted on Worksheet 1 and 5 are presented in Table A-2. Only Sites/SWMUs with
identified surtlcial
Polychlorobiphenyl
pressures.

contamination VOCS are shown in Table A-2 and were modeled.
(PCB) cogeners were not considered volatile due to their low-vapor

A-4 .-



2.3 MODEL INPUTS AND ASSUMPTIONS

Emission rates of VOCS to the atmosphere were estimated with CHEMDAT7 for the
contaminants listed in Table A-2.

The physical and chemical properties for most contaminants were contained in CHEMDAT7’S
internal database. For compounds not contained in the database, it was necessary to obtain
chemical/physical property information from external references. The following compounds
were not included in the model da- tetryl, HMX, 1,3,5-trinitrobenzene, and 2,4,6-
trinitrotoluene. The chemical and physical properties for these compounds were entered
manually into the spreadsheet.

CHEMDAT7 assumes that the contaminantsare applied to the soil in an oil matrix. The model
requires input of an oil-loading term, expressed in grams of oil per cubic centimeter of soil (g
oil/cm3 soil). The contaminant concentration is then input as a fraction of the total oil. To
reprment the oil mahix for the TEAD-N Sites/SWMUs, model guidance (personal discussion
nith Mr. Clark Allen-Research Triangle Inrtitute (&veloper of the CHEMDAT7rno&l), February
24, 1992) suggested characterizing the oil as the sum of all organic contaminants and the
naturally occurring low-volatile organic constituents of the soil. The naturally occurring low-
voladle organics were represented by the total organic carbon (TOC) level itr the soil. For
Sites/SWMUs with little wmtarnination, the oil loadiig was then essentially equal to the TOC.

Once the oil loading was calculated, the remaining parameters were input to the land-treatment
model. The contaminant concentration was expressed as grams per cubic centimeter of oil
(g contaminant/cm3oil). The contaminationdepth was assumed to be 5 feet. Total soil and air
porosity was assumed to be 0.5 and O, respectively. Molecular weight of the oil was assumed
to be 300. This value was adjusted for the heavily contaminated Sites/SWMUs to account for
the average molecular weight of the contaminant organics. Biodegradation was not considered
a significant removal process. These assumptions were based on model guidance (personal
communicm”on uith Mr. Clark Allen-Research Triangle Institute (developer of the CHEMDAT7
model), February 24, 1992) and available site data.

Additional model inputs included an average temperature of 25 “C, an average wind speed of
10 miles per hour (determined from local meteorological data), and the area of each
SitelSWMU.

The model was set to estimate average emission rates for lo-year (87,600-hour) and 30-year
(262,800-hour) periods. These estimates were used as input to the air-dispersion-modeling
analysis (see Section 3.0). An emission-rate determination was performed for each SiteASWMU
listed in Table A-2 in order to estimate vapor-phase emission rates of the organic contaminants
from the soil. The lo-year rates were used for assessing on-site impacts within the TEAD-N
industrial area. The 30-year rates were used for assessing impacts withhr the off-site residential
and future on-site residential areas.
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Table A-2. Orgm”c Cknnpounds@d Soil Cbncentrationr ot Each Site/SWUU

~
.

Concentration
Site/SWMU Contaminant (Xnt4MMm

1 2,4,&hinifroto1uemem 52
2,4dinitrotoluene (DNT) 1.2
2,6-DNT 1.1
HIvlX 13
tetryl 1.3

10,11

29

30

1,3,5-txinitrobenzene 47
2,4-DNT 8.2
.2,4,6-W 20733
HMx 95.2

benm (a) anthracene 0.5
bcnzo (a) pyrene 0.66
berm (b) fluoranthene 0.6
chrysene 1.65
fluoranthene 0.61
phenarrthrene 28
pyrene 5.4

1,1, l-trichlorcethane (TCA) 3.9
carbon tetrachloride 1.4
ethylbenzene 0.16
tetrachloroethylene 3.6
toluene 2.2
trichloroethylene 0.016

2.4 CHEMDAT7 MODEL lUINJLTS

The emission estimates from CHEMDAT7are given in AppendmA-1. (“Site” in AppendixA-1
refers to SiteASWMU.)
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3.0 DISPERSION MODELING APPROACH

Air-dispersion modeling was performed, following the air emission estimates, at a screening
level to provide conservative estimatea of airquslity impacts associated with transport of the
VGCSfrom the sites/SWMUs and air strippers through the atmosphere.

Four air-qualhy-impsct scenarios were investigated: (1) off-site residential, (2) future on-site
residential, (3) on-site worker exposure, and (4) current on-site residential (see Section 1.1).
Each required a separate airquality~timation approach.

Off-site residential impacts (Scenario 1) were estimated at the nearest town boundary for
Grantsville, Tooele, and Stockton using a USEPA-approved air-dispersion model. For
residential impacts, 30-year-average impacts were estimated based on the 30-ym-average
emission rates from the CHEMDAT7modelingand emissions from the air strippers. Maximum
potential impacts at a town boundary were identified by summing each Site/SW&fU’sand the
air stripper contributions to the air qurdityat that location (i.e., cumulative impacts).

Future, on-site residential impacts (Scenario 2) were estimated, using a box-model approach, at
Sites/SWMUs that have surficial VOC emissions. This involved applying a dilution factor to
the SiteMWMU VOC emissions based on the wind speed. Sites/SWMUs 1, 10, 11,29, and 30
were included in this scenario. It was assumed that each Site/SWMU was the most significant
mnhibutor to its own air quaMy. Contributions from other Sites/SWs were assumed to be
significant y less due to dispersion of the air-borne contaminantsover long distances. Therefore,
no cumulative impacts were considered. For these residential impacts, 30-year-average impacts
were estimated based on the 30-year-average-emissionrates from the CHEMDAT7 modeling.

On-site worker impacts (Senario 3) were estimated at Sites/SWMUs within the TEAD-N
industrial area using a box model approach and at the vocational schcd using the same method
as in Scenario 1. Only Sites/SWMUs with VOCSwere considered. Due to the proximity of
Sites/SWMUs in the industrial area, it was conservatively assumed that the Sites/SWMUs were
cc-locakzl. Only SWMUS29 and 30 were included for industrial-worker exposure. Maximum
@@.ial impacts within the industrial area were identified by summing the impacts from these
two sites/SWMUs. For the vocational-school-worker exposure, maximum potential impacts
were identified by summing the impacts (from d@ersion modeling) from sites/SWMUs 1, 10,
11, 29, and 30, and the air stripprs. For industrial- and vocational-school-worker exposure,
lo-year-average impacts were estimated based on the lo-year-average emission rates from the
CHEMDAT7 modeling.

Current on-site residential impacts (Scenario 4) were estimated at the full family and WHERRY
housing area located in the southeastern comer of the TEAD-N facility. The method used to
estimate these impacts was the same as that used for Scenario 1 except that lo-year-average
emissions and impacts were considered.

Each approach for estimating air quality impacts is discussed in detail below.
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3.1 SCENARIO 1: OFF-SITE RESIDENTIAL

Since the Sites/SWMUs are contaminated-ground-surfaceareas, each is considered to be an area -
source of air emissions with ground-level emission releases at ambknt temperature.% As such,
there is no plume rise due to momentum or buoyancy (i.e, the plume centerline heighta are at
ground-level). The air strippers will also be modeled, in this preliminary baseline risk
assessment, as area sources (see Section 1.5).

There was large spatial distribution of the sources, and each was modeled separately. Impacts
were then summed to estimate cumrdativeimpacts at the nearest town boundaries of Grantaville,
Tooele, and Stockton. The locations conservatively represent the most exposed individual at
each town. For a risk assessment at residential locations, 3@year-average impacts were
estimated.

3.1.1 ISCST Model

The Industrial Source Complex Short Term (ISCST) dispersion model dated 90346 was used in
a screening mode to conservativelyestimate the airqualhy impacts associated with air emissions
from the SiteJSWMUs and air shippers. ISCST is a Gaussian-plume model and is listed in
USEFA’S Guideline on Air Quoliy Models (Revised) (EPA45012-78-027R, July 1986 and
Supplement A, July 1987)as an approved model for regulatory applications. A new version of
ISCST haa recently been released; however, it is not being used here in order to maintain
consistency with previous versions of this report.

ISCST is generally recommended for use where the elevation of receptors do not exceed the
source height. For the TEAD-N facility, some receptors (e.g., the towns of Tocele and
Stockton) are at elevations above the Sites/SWMUs and air shippers. ISCST was used without
the terrain option (i.e., flat terrain was assumed). TMs assumption was conservative for these
area sources since the plume heights are at ground-level of the sources; the same level assumed
for the receptors. For a wind blowing from a source toward a receptor, a ground-level plume
always results in maximum ground-level impacts.

Other ISCST-model options, relevant to uea-source-screening applications, are shown in Table
A-3. These correspond to regulatory default specifications. Other model options (not shown)
were either not applicable to area-source-screening modeling or controlled the model output
format.

hr the screening mode, ISCST provided estimates of maximum l-hour-average impacts. For
estimating 30-year-average impacts, a scaling factor was developed from 1989 climatological
data on wind direction for Grantaville, Utah. Wind-rose data indicated that the maximumannual
frequency of occurrence of any wind direction was 14 percent for south-southwestwinds. ‘Ilk
frequency was used to conservatively represent the scaling factor to be applied to the l-hour-
average impacts for all sourcehceptor combinations (i.e., a scahng factor of O.14).
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Table A-3. ISCST Model Options for 21MBN Area Soum.r

Concentrations calculated ISW(l) = 1
No receptor elevations read ISW(4) = O
l-how-average concentration computed ISW(7) = 1
Meteorology read from cards ISW(19) ~= 2
Rural option ISW(20) = O
Default wind profile exponents ISW(21) = 1
Default vertical potential temp. gradients ISW(22) = 1
Emission rates do not vary ISW(23) = O
Final plume rise ISW(24) = 1
Calms-adjustment option not used ISW(27) = 2
Pollutant type other than SQ ISW(29) = 2
No above-ground receptors ISW(31) = O
Pollutantdetay rate f24@S zero DECAY = O
Default-wind-speed categories UCATS = Oor blank
Default-emission-rate conversion factor TK = O or blank

The same annual frequency of occurrence was assumed for each year over a 30-year period.
Therefore, l-hour-average impacts scakd by 0.14 represent 30-year-average impacts.

3.1.2 Source Data

onlyThe sow were modeled separately as area sources with ground-level-release heights.
thosewith potential VOC emissions were modeled. Emission rates were assumed to be unifofi
over an area source.

ISCST has two requirements for area source modeling: individual area sources must have the
same east-west and north-south dimensions (i.e., a square area), and the coordinates for the
wuthwest comer of the area must be input to the model. For simplicity, each was modeled as
a single square area centered on coordinate (O km east, O km north). The dimensions, and
therefore the southwestcomer coordinates, were determined from the areas listed in Table A-1.

The length of each side was set equal to the square mot of the area. The east and north
coordinates for the southwest comer were both set to (-0.5 X length of a side). This method
for defining the location of an area source is appropriate for screening on an individual-source
basis.

To minimize the dispersion-modeliig effort, ISCST was run for each area source assuming a
single polhkmt had an emission rate of 1.0 microgram per square meter per second @g/m*.
see). The resulting modeled impact was then scaled by the actual pollutant-emission rates from
the Sites/SWMUs to estimate the pollutant-specific impacts. The pollutant-emission rates
estimated from the CHEMDAT7 model are listed in Appendix A-1. The 30-yW-avemge

A-9



emission rates were used for estimating these off-site residential impacts.
the air strippers is given in Section 1.5.

3.1.3 MeteoroIot&d Data

The emission rate for

Meteorological input to ISCST in the scrwning mode for long-term (annual or longer) impacts
included neutral atmospheric stability smda range of wind speeds. Gther atmospheric stabilities
(i.e., stable and unstable) were not considered since these are not representative of annual
average conditions. Generally, stable conditions occur only during the nighttime hours and
unstable condbions occur mainly during daytime conditions.

The wind speedstabiity combmtions used in the ISCST modeling are listed in Table AA.
A@ the mixing height was set to a constant vahse of 5,000 meters (m), the ambient
temperature was set to a constant value of 293 ‘K (68 “F), and the wind dhection was held
constant along a radkl from the source toward the receptors. All reqtors were assumed to lie
on this radial that originates at the center of the area source.

Table A-4. Range of W%tdSped and StabilisYfor the ISCST Screening Analysis

PaaquiU-Gifford
Stability CIass’ Wmd Speed (mhec) .-

D 1, 2, 3,4,5, 8, 10, 15, 20
Neutral atmospheric stabdw is classified= D stdxh ty under the Puquill-Gifford stability clusiticdfmn system.

3.1.4 Receptors

br order to estimate maximum impacts at the nearby towns, three receptors were chosen for each
area source. lltese represent the shortest distance from a source to the boundary of Grantsville,
the boundary of Tcmele, and the boundary of Stockton.

For screening modeling of each source, the respective receptors were represented as discrete
points along a single radkl extending downwind from and to the east of the source. The radial
originated at the center of the source and represented the wind-flow vector for the screening
meteorologicaldata set. The dktance at which tie receptors were placed dependedon the actual
distance from the source. In all cases, the receptor elevations were assumed to be the same as
the source elevations. This resulted in the most conservative impact estimates.
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3.1.5 ISCST Model RemIlta

For each modeled source, the ISCST model-estimated l-how-average impacts at each receptor
are shown in Table A-5. These impacts are based on the unit emission rate of 1.0 pghr?. sec.

Table A-5. ISCST Mo&l-.%inuwed 1-Hour-Average Impacts for Scenario 1

l-Hou~Average Impacta@g/m’ per pghr?. SEX)

Siiemvhm # Grantaville Tooele Stockton

1 0.50 0.25 0.34

10 0.72 1.08 1.17

11 0.72 1.08 1.17

29 0.56 4.72 0.79

30 0.37 1.84 0.32

Air Strippers 0.00035 0.00043 0.0001o

“lmpact# m-c based on an area source emission rate of 1.0 @m2. KC.

---- The pollutant-specific 30-year-average impacts for each receptor were calculated as

Based on the emission rate given for the air strippers and the 30-year-average emission rates
generated from the CHEMDAT7 model (see Section 2 and Appendix A-1) and Equation 1, the
30-year-average impacts identified for each source are shown in Table A-6. The air-quality
impact estimates are presented individually by source and receptor. Cumulative impacts are
presented in Section 3.5.

3.2 SCENARIO2: FUTURE ON-STTERESIDENTIAL

Sites/SWMUs with suficial VOC emissions (1,10,11,29, and 30) were considered to be
potential lccations for future residences. Airquality impacts at each Site/SW were based
on emission rates from that SiteASWMUonly. Cumulative impacts were not considered. The
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assumption here is that a Site4SWMUis the most significant contributor to its own air quality.
For a risk assessment at future residential locations, 30-year-average impacts were estimated. _

3.2.1 Box Model

The box-model approach is baaed on emissions into a volume of air with no lateral dkpersion
and a uniform distribution of contaminants in the vertical. In this case, the box is defined as a
l-cubic-meter volume immediately downwindof the center of the area source. The area source
emission rate from CHEMDAT7 in terms of mass per unit time per unit area (i.e., pghrf o WC)
mixed into this lowest 1 meter of air results in a volumemicemission mte (@n+. see) into the
box. The emission mte into the upwind side of the box is therefore equal to the area-source
emission rate. The emissions are then diluted by the wind carrying the contaminant through the
box.

To define the average concentration within the box (ii pg/ms), the area-source-mission rate (in
pg/mz. WC)is simply divided by the average wind speed (in mhc). Using a 30-year-average-
emission rate and an annual wind speed will result in a 30-year average concentration (i.e., the
annual-average wind speed is constant from year to year).

3.2.2 Source Data

Source data for the future on-site residential scenario included 30-year (262,800-hour) average _
emission rates from the CHEMDAT7 model. These emission rates are listed in AppendixA-1.

3.2.3 MeteorologkadData

The meteorological datum used as input to the box model was the annual-average wind speed
for the TEAD-N facility. The annual-average wind speed was determined to be 4.2 m/see (or
9.4 miles per hour) based on 1989 wind-rose data from Grantsville, Utah (0.8 km to the north
of the TEAD-N facility).

3.2.4 Reeeptom

Since it was assumed that future residences may be constructed on any of the contaminated
Sites/SWMUs, these Sites/SWs were identified as the receptors.
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Table A-6. ~-Site Re.ri&nn”alScenari+3@Year-AWrage Impacts

30-year-average impa& (pg/m~
Site/SWMU# Contaminant GrantaviUe Tooele Stockton

1

10

11

29

30

Air Strippers

2,4,6-trinitrotoluene (’TNT)
2,4-dinitrotoluene (DNT)
2,6-DNT

tetryl

1,3,5-tri3ritrobenrene
2,4-DNT
2,4,6-TNT

1,3,5-hi33itrobenzene
2,4-DNT
2,4,6-TNT

benzo (a) anthracene
benzo (a) pyrene
benza (b) fluoranthene
chrysene
fluoranthene
phenanthrene
pyrene

1,1, l-trichloroethane (TCA)
carbon tetrachloride
ethylbenzene
tetrachloroethylene
toluene
trichloroethylene

trichloroethylene

2.45x10S
;.g99;$

1.-03x1O-1*

2.45x103
;.g99;::

1:03x lcrlz

1.11X1O-*
1.08x1W

2.33 XI&”
;;;:;:

2:41x105
7.O7X1O-9

2.63xlrY3
9.01 x lV
2.93x1(YS
9.12 xl@
7.67xl&
7.15 x lm

3.94X1O+’

2.71 xl&
5.20x 104
7.4OX1O-5
~ ;yx::

3.67x1(Y3
7.48 X105
2.03 XlC@
1.54X1042

3.67x103
7.48 X10-5
2.03 X10-3
1.54x 10”1*

9.38x 10$
9.12 xl@
1.96XlL710
3.08 X10-9
3.81 x1(T5
2.03x 104
5.96 x10-*

1.3OX1O4
4.48 XIU3
1.46x104
4.53 x 10-3
3.81 x10-3
3.55 x 10”5

4.84X1O+1

3.98 XlCr3
8. 10x 105
2.20 XI0-3
1.67x 10-12

3.98x103
8.10x l&5
2.2OX1O-3
1.67x 10-*2

1.57XI04
1.53X104
3.28 x10-**
; ;yx;$

3:40 x 10-~
9.98xl@9

2.26x103
7.80x 104
2.54x1(F
7.88 X104
6.63 X104
6.18X104

1.13XIO+’

‘Jmpcts arc bad on ~uation 1.
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3.2.5 Model Results

Thirty-year-average concentrations at Sites/SWMUs 1, 10, 11,29, and 30 were estimated as the -
30-year-average emission ratea from CHEMDAT7 (see Appendm A-1) divided by the armuai-
average wind speed of 4.2 mkec. Concentrationsare shown for each SiteJSWMUin Table A-7.
Cumulative impacts were not considered for this scenario.

3.3 SCENARIO 3: ON-SITE WORKER EXIWSURE

For the on-site worker-exposure scenario, only sites with VOC emissions that are within the
industrial area of the TEAD-N facility (SitesNVMUs 29 and 30) and the on-site vocational
school were considered. Airquality impacts at each location were estimated separately.
Maximum-potential worker exposures for the industrial area were then estimated as the
cumulative impacts from the two Sites/SWMUs. Since the vocational school is not located on
a contaminated site, cumulative impacts from all SitdNVMUs with surficial VOC
contamination and the air strippers were estimated to address worker exposure at the school.
For a risk assessment of worker exposure, lo-year-average impacts were estimated.

3.3.1 Box Model and ISCST Model

The box-modelapproachwas used for the on-site industrial-worker-exposure scenario. It was
the same as that used for the future, on-site residential scenario (Scenario (2)) except that 10-
year-average emission rates were used for each siteMWMU. This approach is defined in Section -
3.2.1.

The ISCST model approach was used for the on-site vocational school worker exposure scenario.
It was the same as that used for the off-site residential scenario (Scenario 1) except that 10-year-
average emission rates
3.1.1.

3.3.2 Source Data

were used for each site/SWMU. This approach is defined in Section

The source &ta for the on-site worker exposure scamrio included the 10-year (87,600-hour)
average emission mtes generated with the CHEMDAT7 model (see Section 2) for the
Sites/SWMUs. These emission rates are listed in Appendix A-1. Source data for the air
strippers are listed in Section 1.5.11
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Table A-7. Future On-Site Reskienn”olScem”o-3@Year-Awmge Impacts

Site/SWMU # Contaminant M-year-average impact’ @g/m~

1

10

11

29

30

2,4,d-trinitrotoluene (TNT)
2,4-dirdtrotoluene (DNT)
2,6-DNT
HMx
tetryl

1,3,5-trir3itrobet5zene
2,4-DNT
2,4,6-TNT
Hh4x

1,3,5-tri3ritrobenz.ene
2,4-DNT
2,4,GTNT
HMx

beruo(a)anthraeene
benzo(a)pyrene
benzo(b)fluoranthene
chrysene
fluora33thene
phenanthrene
pyrene

1,1, l-trichloroethane (TCA)

1.84xl’@5
3.55 X1O-5
5.O5X1O4
1.44x 10-’2
1.34X1O-3

5.79X103
1.18xl@
3. I9X1O-3
2.43 Xl@2

5.79 X10-3
1.18xl@
3.19 X1O-3
2.43 xlCr12

3.38x1(F
3.29xl&
7.07x10-”
1.1IX1O-9
1.37X1O-5
7.31XI0-5
2.15x1W

4. 14X103
carbon tetrachlonde 1.35X104
ethylbenzene 4. 19XI0-3
tetrachloroethylene 3.52x103
toluene 1.2OX1O-2
trichloroethylene 3.29xl@3

Impacts am based ml 3hc.box mc& 1 approach dacnbed IIIScctmn 3.z. 1.
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3.3.3 Metemologieal Data

Tire meteorological datum used as input to the box model was the annual-average wind speed _
for the TEAD-N facility. The annual-averagewind speed was determined to be 4.2 m/see (see
Section 3.2.3). The meteorological data used as input to the ISCST model am dkcussed in
Section 3.1.3.

3.3.4 Receptom

For the on-site worker exposure scenario, the industial ares of the TEAD-N facility was
considered as one receptor. Due to the concentrated spatial distribution of the contaminated
Sites/SWMUs within this area, it was conservatively assumed that the Sites/SWMUs were
collocated, and the receptor was located at the center of the Site-s/SWMUs. The vocational
schcmllocated in the southeastern comer of the TEAD-N facility was considered as the second
receptor for this scenario.

Table A-8. On-Site Worker Exposure Scenario-l@Year-Average Impacts

SitelSWMU # co n~ Io-vear-averaze inmact’ (ud m?

29 benzo (a) anthracene 5.1OX1CP 4

benzo (a) pyrene 5.69xl@
benzo (b) fluoranthene 7.33 x 1011
chrysene 1.20X 109
fluoranthene 2.38 X1(75
phenanthrene 1.26xl@
pyrene 2.55 X108

30 1,1, l-trichloroethane (TCA) 2.08x1(72
carbon tehachlonde 7. 17X10-3
ethylbenzene 2.33xl@
tetrachloroethylene 7.24xl@3
toluene 6.12x 103
trichloroethylene 5.69xl@

“Impacts am based on the box mcdel approach descrikd in section 3.3.1.
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3.3.5 Model Results

Ten-year average concentrations at Site.s/SWMUs29 and 30 were estimated as the lo-year
average emission rates from CHEMDAT7 (see Appendm A-1) divided by the annual average
wind speed of 4.2 mkt. These concentrations are shown for each Site/SWMUs in Table A-8.
Cumulative impacts are presented in Section 3.5.

The ISCST model-estimated l-hour-avesage impacts at the vocational school are shown for each
source in Table A-9. These impacts are based on the unit emission rate of 1.0 pghn%ec.
Pollutant-specific, lo-year average impacts at the vocational schoolare presented in Section 3.5.

3.4 SCENARIO4 CURRENTON-SITE RESIDENTIAL

The current on-site residential area consists of full-family-housingunits and WHEICRY-housing
units located approximately 2 kilometers south of the TEAD-N industrial area. TMs housing is
used by on-site personnel and their dependents. The average length of residence is 2 years for
the Full Family housing and 1 year for the WHERRY housing. The length of exposure to
contamination at the TEAD-N faciiity was conservatively assumed to be 10 years for residents
in the on-site housing (the same length assumed for the on-site worker scenario).

For the purpose of risk assessment, impacts at the residential area were based on nearness of
housing unit to each source, lo-year-average emission rates for each site/SWMU, and the air
strippers.

3.4.1 ISCST Model

The ISCST-model approach used for the cumerrton-site residential exposure scenario was the
same as that used for the off-site residential scenario (Scenario 1) except that lo-year-average
emission rates were used for each site/SWMU. This approach is defined in Section 3.1.1.

3.4.2 Source Data

The source data for the current residential scenario included the lo-year (87,600-hour) average
emission rates generated with the CHEMDAT7 model (see Section 2) for the sites/SWMUs.
These emission rates are listed in Appendix A-1. Source &ta for tJreair strippers are listed in
Section 1.5.
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Toble A-9. ISCST h40del-Ettimared l-Hour-Avemge Impocts for Scenario 3

l-hour-average impmt?(@m3 per pg/mzosec)

Site/SWMU vocational School

1 0.26

10 1.21

11 1.21

29 2.81

30 0.88

Air Strippers 0.00019
‘Impacti me bad on an area source enumon rate of 1.0 pg/m’. sec.

3.4.3 Meteorological Data

Meteorological data used for input to the ISCST model are discussed in Seetion 3.1.3.

3.4.4 Receptors

The nearest housing unit to the sources was used as the receptor for this scenario.

3.4.5 Model Results

The ISCST-model estimate 1-houraverage impactsat the current, on-site housing are shown for
each source in Table A-10. These impacts are based on a unit emission rate of 1.0 pg/m20sec.
Pollutant-specific, 10-year-average impacts at the housing area are presented in Section 3.5.
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Tolx%A-IO. ISCST-Model Ertimated l-Hour-Awmge Impacr.rjbr scenario 4

l-hour-average impa&(pg/m’ per @m2wec)

Site/SWMU # Current On-Sii Housing

1 0.30

10 1.71

11 1.71

29 3.46

30 1.08

Air Strippers 0.00021

fmpactsambased on an area source emission rate of 1.0 pghn’.scc

3.5 AIR-QUALITY-IMPACT SUMMARY

Impact estimates presented in Sections 3.1, 3.2, and 3.3 were used as input to a health-risk.
assessment to address possible long-term health effects of exposed individuals. The three
scenarios evaluated were (1) off-site residential, (2) future on-site residential, and (3) on-site
worker exposure. Scenarios 1 and 3 considered cumulative impacts. Scenario 2 considered
individual Site/SWMU impacts only. These impacts are summarized in Table A-11.

4.0 CO~llhlCE LEVEL OF MODEL RESULTS

4.1 AIR-EMISSIONIWTIMATES

The land-treatment model in CHEMDAT7 was used to estimate air emissions of the VOCs.
Several assumptions were used with this mcdel, which may tend to overestimate VOC emission
rates for the TEAD-N facility. Fwst, the model was developed primarily to estimate VOC air
emissions from wastes spread onto or injected into the ground. It assumes a relatively frequent
aPPb~tion of tie WUtesonto the land. The TEAD-N Site.s/S~s contain a czmtia~ ~il
matrix that has been in place and undisturbed for many years. Consequently, the TEAD-N soil
matrix is likely to be more stable than the soil mahix of a typical, active-land-treatment site.
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Second, most of the compoundsat the TEAD-NSite.s/SWMUsare present in low concentrations
(i.e., <100 mgkg soil). At these low concentrations, adsorption is an important factor that
hinders volatilization. Although adsorption is considered by some of the CHEMDAT7 models, .+.
it is not included in the land-treatment model.

Thkd, the model is based on the assumption that the contaminants are in solution (oil) when
applied to the soil. The most accurate estimate of the model-input oil term for the soil is the
low-volatile organic fraction of the soil. Since this information was not readiiy available, the
sum of the naturaUyoccuning total organic carbon (TGC) content of the soil and the organic
contaminants was assumed to constitute the oil. This likely resulted in underestimatingthe low-
volatile organic fraction of the soil and, therefore, overeatimating the concen@ationof the
contaminants in the oil.

Each of the above conditions may result in overestimating VGC air-emission rates.

4.2 AIR-QUALITY-IMPACT ESTIMATES

Several assumptions used in the air-quality-impact analyses may tend to overestimate impacts.
First, ISCST in a screening mode reports maximum l-hour-average impacts based on assumed
meteorological conditions. A scaling factor based on maximum frequencyof occurrenceof wind
duection is then applied to convefi the maximum l-hour impacts to annual average or longer
period impacts. Although this approach is consistent with USEPA guidance for screening, it
represents a possible overestimation of impacts since the same scaling factor is used regardless
of direction from a source to a receptor.

Second, the emission-rate estimates used in the dispersion modeling were based on a single soil
sample from each Site/SWMU. This assumed that the emission ratea, expressed as pg/m2. see,
were representative for the entire contaminated area of a Site./SWMU. If the soil sample was
from a significantly contaminatedarea of a SiteMWMUand the Site/SWMU was not uniformly
contaminated, thk assumption will lead to an overestimation of impacts.

TMrd, the maximum-airqual@ impacts identified for each town (Grantsville, Tcoele, and
Stockton) are based on the closest town boundaries to the Site/SWMU, not the closest residence
in these towns.

Fourth, the air strippers were conservatively modeled as a ground-level-area source due to
inadequate source data, even though the emission release height is 50 feet.

Each of the above conditions may result in overestimating the air quality impacts caused by the
TEAD-N facility.
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4.3 SUMMARY

Since these types of models are generally used as tools to safeguard the environment and public
health, they are developed to provide conservative estimate.% Considering the additional
conservative assumptions applied in this analysis, it is believed that the estimated airquality
impacts at each receptor include a significant margin of safety.
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CHEMDAT7 MODEL AIR EMISSION ESTIMATES
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4

SWMU1

LAND TREATMENT140DELDATA
(land treatment)
L,Loading (g oil/cc soil)
Concentration in oil(ppmw)
l,Depth of tilling (cm)
Total poroeity
Air Porosity(O if unknown)
MWoil
For aqueous waste, enter 1
Time of talc. (days)
For biodegradation,enter 1
Temperature (Deg. C)
Wind Speed (m/s)
Area (m2)

-

COMPOUNDNAME

0.007482
0

152.4
0.5

0
300

0
365.25

0
25

4.2
68423

LANDTREATMENTEMISSION RATES (g/cm2-s)
TIME (hours)

87600 262800

DINITROTOLUENE2,6 3.67E-13 2.12E-13
DINITROTOLUENE(2,4) 2.57E-14 1.49E-14
HMx 6.04E-22 6.03E-22
TETRYL 6.94E-18 5.61E-18
TRINITROTOLUENE 2,4,6- 1.27E-14 7.73E-15
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SWMUS 2,30

LAND TREATMENT MODEL DATA
(1and treatment)
L,Loading (g oil/cc soil)
Concentration in oil(ppmw)
l,Depth of tilling (cm)
Total porosity
Air Porosity(O if unknown)
MW oil
For aqueous waste, enter 1
Time of talc. (days)
For biodegradation,enter 1
Temperature (Deg. C)
Wind Speed (m/s)
Area (m2)

COMPOUND NAME

0,007482

152.:
0.5

0
300

365.2:

2!

81%

LANDTREATMENT
TIME

87600

EMISSION RATES (g/cm2-s)
(hours)
262800

CAR80N TETRACHLORIDE 3.OIE-12 1.74E-12
ETHYL8ENZENE 9.79E-14 5.66E-14
TETRACHLOROETHLYENE 3.04E-12 1.76E-12
TOLUENE 2.57E-12 1.48E-12
TRICHLOROETHANE(l,1,1) 8.74E-12 5.05E-12
TRICHLOROETHYLENE 2.39E-14 1.38E-14

>
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SWMUS 10, 11

LAND TREATMENT MODEL DATA
(1and treatment)
L,Loading (g oil/cc soil)
Concentration in oil(ppmw)
l,Depth of tilling (cm)
Total porosity
Air Porosity(O if unknown)
MW Oil

For aqueous waste, enter 1
Time of talc. (days)
For biodegradation,enter 1
Temperature (Deg. C)
Wind Speed (m/s)
Area (m2)

-

COMPOUND NAME

0.03

152.!
0.5

0
245
0

LANOTREATMENT EMISSION RATES (g/cm2-s)
TIME (hours)

87600 262800

DINITROBENZENE M 1.15E-13
DINITROTOLUENE(2,4) 8.55E-14
HMX 1.02E-21
NITROBENZENE 4.53E-13
TRINITROBENZENE,I,3,5- 4.20E-12
TRINITROTOLUENE 2,4,6- 2.08E-12

6.67E-14
4.95E-14
1.02E-21
2.61E-13
2.43E-12
1.34E-12
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SWMU 29

LAND TREATMENT MODEL DATA
(1and treatment)
L,Loading (g oil/cc soil)
Concentration in oil(ppmw)
1,Depth of tilling (cm)
Total porosity
Air Porosity(O if unknown)
MW oil
For aqueous waste, enter 1
Time of talc. (days)
For biodegradation,enter 1
Temperature (Oeg. C)
Wind Speed (m/s)
Area (m2)

COMPDUND NAME

0.007482

152.1
0.5

0
300

0
365.25

2:

25:0;

LANDTREATMENT EMISSION RATES (g/cm2-s)
TIME (hours)

87600 262800

BENZO(A)ANTHRACENE 6.62E-15 4.39E-15
BENZO(A)PYRENE 1.46E-13 8.45E-14
BENZO(k)FLUORANTHENE 5.21E-19 5.03E-19
CHRYSENE 6.14E-17 5.67E-17
FLUORANTHENE 7.56E-13 4.37E-13
PHENANTHRENE 2.84E-13 1.65E-13
PYRENE O.OOE+OO O.OOE+OO

.-

}
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APPENDIX B
GROUNDWATER MODELING

Groundwater modeling was conducted to estimate contaminant concentrations at potential
exposure points downgradient of the Tooele North Army Depot. This appendix describes the
methods used to conduct the modeling, assumptions incorporated into the modeling, and
results generated by the groundwatcr modeling.

1.0 SITE/SWMU DESCRIPTION

A list of Sites/SWMUs included in the groundwater modeling and constituents modeled at each
site are presented in Table B-1. Modeling was conducted only at those sites for which grourrd-
water analytical data were available. Sites/SWMUs for which no groundwater data are available
were omitted from the groundwater-modeling effort. Where possible, multiple sites were
grouped together to sirnplifi the modeling process.

2.0 MODEL DESCRIPTION, INPUT PARAME TERS, AND ASSUMPTIONS

An analytical model was used for the risk-assessment potential-exposure-point-concentration
calculations. A general description of the model is provided in this section. A description of
values for various aquifer characteristics used in the model and the site-specific assumptions

_. inherent in the model are also provided.

2.1 ANALYTICAL MODEL

CONMIG, William C. Walton, 1989, was used for the groundwater-modehrrg calculations.
CONMIG is an analytical model simulating two-dimenaioml contaminant transport in a one-
dimensional flow field. The model assumes steady-state groundwater flow in one direction,
constant dispersion properties in space and time, uniform contaminant concentrations vertically
within the aquifer, negligible density and viscosity differences between injected and mtive water,
and a horizontal flow field. The model can take into account advection, adsorption, and
dispersion of contaminants migrating through the aquifer.

Analytical-contaminant-tramport models are based on ideal aquifer and solute conditions that
generally limit model applicability for determining quantitative-contaminant-concentration
distributiona. Use of art analytical model is considered suitable for this assessment because of
the limited amount of hydrogeologic and amlytical data available for many of the sites.
Available data would not support constmction of a numerical model for the entire Tooele North
area. Also, the preliminary mture of thk risk assessment does not warrant the detail
incorporated into a numerical contaminant-transport model.
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2.2 SELECTION OF MODEL INPUT PARAMETERS

-.

Minimal specific information on aquifer physical characteristics and parameters is available for
certain areas of the Tooele North Depot site outsi& the vicinity of the Industrial Waste Lagoon.
Therefore, information on aquifer characteristics and parameters used in the model were taken
primarily fkom the Groundwater Quality Assessment report (Jamea M. Montgomery Consulting
Engineers, [JMMJ, Inc., 1988). Average values reported in the Groundwater Quality
Assessment document are considered, for prrrposea of this preliminary evaluation, to represent
the best available parameter estimatea for the endre area of the Tooele North Depot. A brief
description of the information used to determine the input parameters to the model is given
below.

2.2.1 ActuaI and Effective Porosity

A porosity value of 0.25 was considered representative in the Ground Water Quafity Assessment
(see pages 4-20 and 5-31) and was used for groundwater-flow-velocity calculations. For
purposes of these calculations, actual and effective porosity are considered to be equal.

2.2.2 Aquifer ‘flrickness

Aquifer thicfmess is 335 feet, based on location of the water table at a depth of approximately
225 feet below ground surface (see page 9 in Appendix C, Groundwater Quahty Assessment).

2.2.3 Groundwater-Flow Velocity

Calculated groundwater-flow velocities range from 4 feet per year to 9,800 feet per year (see
pages 4-20, Groundwater Quality Assessment), with a value of 1,500 feet per year considered
to represent an average velocity throughout a 50-foot screened intervaf of the rdluvium. A value
of 1,800 feet per year or 4.93 feet per &y was determined through preliminary mcdel runs to
be considered a representative velocity value. TMS is used ss a con~rvative Value for
calculating concentrations at downgradient exposure points.

2.2.4 Fraction Organic Carbon

The Groundwater Quality Assessment reported that a fraction organic carbon (~ of 0.1 to 0.5
percent would k expected in the alluvial aquifer materiafs (see page 5-31). A value of 0.1 is
used in the exposure-point calculations.

2.2.5 Bulk Density

An assumed vafue of 2.65 g/cm3 was considered
Assessment report (see page 5-31). A measured
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vafue of 2.634 g/cm3 was reported in the



Tooele Army Depot PALSI, 1988 (see page 6-8). The value of 2.634 is used in the mcdel
calculations.

2.2.6 D~pemivity

Mercer and others report dispersivity values ranging from approximately 50 feet to over 600 feet
for longitudinsJ dispersivity and approximately 10 feet to over 100 feet for transverse
dispersivity in alluvial materials (J.W. Mercer et.al., 1982). The TCE plume at the IWL
extends over 14,000 feet in the Iongitudmal direction. A maximum longitudinal dispersivity of
300 feet is therefore assumed (William C. Walton, 1989), while a transverse dispersivity of 30
feet (O.1 of the longitudinal dispersivity) is assumed.

2.2.7 Dtiribution caeffk.ient (IQ

Distribution coefficient values (&) for organics may be ptilcted on tbe basis of a non-soil-
specific parameter known as the organic-matter-partitioning coefficient, where ~. & values
were calculated using the equation:

&=& *f@.

Soil-solution-distribution coefficients for inorganic chemicals were estimated based on
literature values compiled in E.I. duPont de Nemours and Co., 1987. Distribution ._
coefficient values for parameters modeled in the risk assessment are presented in
Table 1.

Source VolurrG Source-term volumes were assumed to be equal to the specific discharge
through one vertical cross-sectional area of the model grid.

Concentration. Maximum constituent concentrations in groundwater from wells
d~wtly downgradient or in close proximity to each site were selected for the MM source
concentrations input to the model. These concentrations, however, may not be
representative of impacts solely from a single site. Because many of the sites are in close
spatial proximity to one another, “groundwater monitored by a single monitoring well may
be impacted by more than one site. Ultimately, a comparison of monitoring-well results
to constituents detected in soil samples from each site would aid in determining which sites
may be contributing contaminants detected in specific monitoring wells.

2.3 MODEL APPLICATION

Data describing aquifer characteristics are not uniformly available across the entire Tooele North
Depot. Therefore, groundwater modeling for this preliminary risk assessment assumes that the

.-
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aquifer system underlying the Depot can be simplified to a single aquifer system having uniform
spatial characteristics. Aquifer physical properties were assumed to be the same for each site
modeled.

This simplified approach allows application of the analytical model CONMIG. Use of variable
aquifer properties and characteristics would require the application of more mmplex numerical
models and would require data on the spatial variability of aquifer parameters across the Depot.
This level of complexity is not warranted in a preliminary risk assessment.

For application of CONMIG, it was assumed that a uniform oned~tiorsal flow field exists
between the contaminant source (Site/SWMU) and the identified potential point of exposure.
Variations in grourrdwater-flow direction, such as from seasonal recharge or pumping of water
supply wells, were not incorporated into the modeling though it is anticipated that such variations
exist. However, assumption of a direct flow path between the source (site) and potential
exposure points (receptors) results in a worst-case scenario for cxmtaminant tramsport (i.e., the
most direct path and shortest route of travel). This assumption, though not realktic for all
potential exposure points, is considered acceptable for thk preliminary risk assessment.

3.0 IDENTIFICATION OF POTENTIA L GROUNDWATER EXPOSURE POINTS

The Tooele North Army Depot has at least seven water supply wells identified witldn the Depot
boundaries (CNES, Final Field Sampling Plan, March 1992, Figure 3). Wells WW-1 through
WW-3 are currently used as a source water for process and consumptive uses. According to
TEAD-N personnel, the water is treated to meet MCL prior to USC.Therefore, the groundwater
pathway for on-site worker exposure is considered incomplete, and potential exposure points for
human ingestion of groundwater were identified off-site in the general direction of groundwater
flow to the north, downgradient from the Tooele Depot.

A well-inventm-id printout from the State of Utah was used to identi~ water-supply wells
present downgradient from the Depot. The identified wells were assumed, for purposes of this
preliminary risk assessment, to be domestic water-supply wells. Many of these wells, in
actuality, may be irrigation or stock wells and would not serve as a source of water for human
consumption.

The parameters modeled for each site, including the MCL, the Maximum Contaminant Level
Goal (MCLG), the Utah Class 2 standard, the initial concentration, and the description of each
off-site well are included in Tables 2 through 4.

3.1 SITE/sin 1

For SiteASWMU 1, the concentration of nitrate/nitrite was estimated at five off-site wells (wells
16, 10, and City of Grantsville Wells 1, 2, and 3) located approximately 24, @Xlto 34,500 feet
downgradient of the site. The City of Grantsville wells arc not the closest potential ground-
watcr exposure points to Site/SW Number 1, but calculations of potential exposure-point
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Table B-2. Calculated Projected Exposure-Point Cimentrm”ons Site/SWU 1

Concentrations in ugjl.
INORGANIC

UTAH Well 16 Weu 10 Weu1 Wefl2 well 3

MCL MCLG Class 11”

Parameter If4m.4L FINAL FINAL FINAL - F3NAL

Nit”wNitrile (.s N) lo,mmncm lo.0mmQ3 10,ixii/-- 17S03 0.07 32 2.7 3,01 03

WELL m Ccad. D.tmce from

WM.BtsR L&&4 w Es ~ M

16 TSS.RSWS7 a92s+1 sm66 2650s

10 13S.R6Ws1 4492s7s 37s.nu 31X4 RepresewJ IWOxfjxent web, bolh ident~rd asWU

1 ns.R6ws?.6 449S1S2 37S121 39,CC”I City .( G“mviUe wd.

2 T3SJf6WA 44931S2 3747.7r s3Kca Cityof GrsrdAJk well.

3 nsltsws.w 4494.%s 376424 37SW city d G“rJ5vilk W.df.

- D!ic.kiogWnta QUtiIy GroundWater .S00GV7ST3J3.3CC4 .gL
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Concentrations in ug/L

INORGANIC

UTAH S21ES10 a 11

MCL MCLG Class 11-
Parameter 2N2nAL m
Axti 30 .- So 110 0.0368
cop, .- -- 1000 33 0.0111

F3iwtie MOO-24(I3 &X12 Z&xl 664 2.03

Nit” WNilrite (as N) lomzi.z lo.0cw2Gm 1o.m/-- 61,CSSI mdz

T3Unium .- -- .- 3A <0.02s

ORGANICS

UTAH Snzs Ioa 11

MCL MCLG class 11”
Parameter INITIAL F2NAL
Beczyi akohol -- -- -- ,8 0
Biiz-etbyvn Xyf)Phthalste -- -- -- 10 0

Cyl.nile(RDx) -- -- --

2.4-diOitrOtd.ex
160 0.05

-- -- -- 20 0.01

!-mm -- -- -- 17.6 0.01

2-methfl-4,6-dti, mpheno -- -- -- 7.7 0.01

Phenol -- -- -- 3 0
133-triILilrOber.2me -- -- -. lW 0.03

2.4.6-l?W -- -- -- 37.4 0.01

closest Potemill .Expo*ureP.LI*,

Well Oy T3 S. R 5 W, .%Ii.n SiUTM 4492494N.37S771E

Dmtance[mm Sites10 and II= ZS.@XIf,
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Toble B-4. Calculated Projected Expostue-Poiitt Cbrscentrfats”ons
Sites/SWMIJs 12, 14, d 15, Site/SUWU 29, and
Site.r/SWMUs2 and 30

Concentrations in ugfl.
INORGANIC

UTAH Sit_ 12,14, 2S Site4S9 Sit- % SO

MCL MCLG Class Il.

Parameter — - m17ML F22wI. 5rw2mr_. F3NAL

Sm@m -- -- -- 0.402 <0.203 l.dl <0.035

Odmium 10 .- 10 12 0m2

Clllomium so -- 34 720 0.133 51.9 0.LM7

Cnppsr -- -- Iwo 37.7 0m7

Iron -- -- -. 122.3 0218 16W 0.29

Mansanese -. -- -- 87 0.016 3420 lM

Nickel -- -- -- 283 Omm 294 0.039

ORGANICS
I I I UTAH I Sit- 12.14,15 I Sites29 Sites2,30

MCL MCLG class 11”

Parameter IN3nAL FrfWr. 1NTr2AL FINAL IN3nA.L 31NAL

E.(2 -.tbytbuyl) Pbthnhm -- -- -- no 0.105

G rlwnTetrachl.ride s 0 5 41 O.cm

c@otile (RDX) -- -- -- 8s6 <om33

12-dkhl.mbenzene -- -- -- 0.3 <0.02s

13 -dzhl.robec.zene -- -- -- 0.2 <0.005

1.4-Cnhlombenzen. 7s 75 7s 0.4 <Ores

1,1-Diihlorwhane s -- -- 1s0 0.03

Toluene -- -- -- 1.1 <0.005

1.1.1-TricMomethnne 200 200 2rx3 203 0.04

TrkhJoroelhene s 0 5 47.6 ‘0.007 230 0048

P.td2 I POW(OrEXFOSUm

WdJ12,T3S, RSW.3ec.11: UR4449.232L $N.383LW3E

DismIK fmm Sites2.30= 14,LW2ft(approdma!e)

Dutance from sites 12,14, M =19.COOO(approtimme).

Distara= from Sits 29-22X”31 ft (amrwi!rwe).

. DrinkiogWntcr QLuUIyGroundWater S66msA. -S<3WO.&
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concentrations were nonetheless made for these municipal wells given their use and positions
downgradient from Site/SWMU 1.

3.2 SITWSWMUS 10/11

The concentrations of arsenic; coppq nitratehitritq fluoridq thallium; bcnzyl alcohol; phenol;
bis(2-ethylhexyl)phthalatq HMX; cyclonim (RDx); 1,3,5-tIirIi~ e; 2,4,6-W
2,4-dinitrotoluene; and 2-methyl-4,6-dinitrophaol; were estimsted at Well OY, located off-site
and approximately 28,000 feet downgradient of Sites/SWMUs 10 and 11.

3.3 SITEWSWMUS 2 AND 30, SIT’EWSWMUS 12,14, AND 15, AND SI’I’WSWMU 29

A single well, Well 12, was used to estimate conc@mtions of selected parameters downgradient
of Sites/SWMUs 2 and 3~ Sites/SWMUs 12, 14, and 15; and Site/SWMU 29. The distance
to the well varied from approximately 14,000 feet to 22,000 feet downgradient of the site, and
the parameters modeled include beryllium; cadmium; chromium; coppe~ nickel; iron;
manganese; carbon tetrachlorid~ bis(k.thylhexyl)phth~k; toluene, trichloroethene,
1, ldichlorcethsn~ 1,1, l-trichloroeths.ne; cyclonite (RDX); 1,2dichlorobenzene;
1,3-dlchlorobenzne; and 1,4dichlorobenmne.

4.0 RESULTS

Results of the groundwater modeling were used to calculate risk to human health from potential.
exposure to groundwater contaminants that may migrate off-site from the Tootle North Army
Depot. Groundwater modeling results are presented in Tables 2 through 4 of this appendix.
The final concentrations indicate the calculated potential exposure-point concentrations and
should be considered to be only estimates, given the following uncertainties in the groundwatcr
modeling:

Aquifer parameters are assumed to be uniform across the Tooele Depot area, though
properties such as hydraulic conductivity, aquifer thickness, fraction organic carbon, and
others, may vary from the characteristics observed in the eastern portion of the Depot.

Groundwater flow is assumed to be onedirectional, without influences from pumping wells
or seasonal recharge.

Contaminant rxxwxrtrations observed in monitoring wells may be the result of influences
from more than one Site/S WMU; thus, initial concentrations modeled may not be truly
representative of the single SiteMWMU for which the model calculations were done.

Downgrdent potential groundwater exposure points used for modeling purposes may not
be wells supplying water for human consumption.

Monitoring-well and potential exposure-point locations are approximate.
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Species identified during RFI for Tooele South.

Album ~ Watson, “Mlon.” Infrequent, pinon-juniper zone. ,
M&m!Ma@KS&QIS
~ Iri&hla IWtaU, “Big Sagebmsh”
Ch&&?&$ ~ Hooker & Amott, “Pincushion.” Desert soils in the warm river

valleys.
Chrvso_ ~ (F%llas)Britton, ssp. “~, Ttabbitbmsh.”
* _ (Savi) Tenore, “Bull Thistle. ” Pasture weed.

“ NuM, “Amenm Hawksbeard.” Common in dry sagebrush tue-as.
~ Nuttall.

E@n2a =lmmn ii Nelson, “Daisy.”
_ fk@la& GmY, “Daisy.” Dry montane meadows.
E&eK!?lU!xhlKU
!2dlKl&WMrK!Sa (Pursh) Dunal, var. ywrulaa, “Gumweed.”
H~ - “Stemless Goldenweed”
_ - Nuttsll. Common on rirrmxk and dry hillsides.
H4anths iimmus L., “Common Sunflower.” Very abundant and variable native roadside

weed.
- @ L., “pricklYLettuce.” Common weed in fields and gardens.
_ mukicapitatus Greenman, “Butterweed.” Desert-steppe and pinon-juniper.
Tetradvfi *
= S12hK2UHooker & Arnott, “Cottontbom.” Clay soil, desert-steppe and lower

T~ * Scopoli SSP.?.m@ (Jacquin) Vollmsnn, “Oyster-plant.” Ruderal weed k
drv hot vallevs

Gqztapati
Ossum gfficinal~ L,, “Hound’s Tongue.” Eurasian weed in forest clearings in the

mountains and along fence-rows.
-r- ~ (L.) Medikus, “Shepard’s Purse. ” Abundant weed in early spring in

waste ground, gardens and roadsides.
~ k21!2!h(p~lm) de Candolle, “purple Mustard.” An abundant early spring WA

of fallow fields.
~ ~ (L.) Dumortier, “Hare’s Ear. ” Locally abundant spring-flowering

Eurasian weed. The large rounded entire, clasping based leaves and pale yellow
flowers are diagnostic.

~ q (w~ter) Mitten, “’TmsY Mustard.” 13arlyspring weed of the v~eYs,
replacing ~ Dchardsonij at lower altitudes.

~ ~ @Ju~) de Candolle, “Wallflower.”
HUMlin&Jl+@!QM
142@iumdenslflorum Schrader, “Peppergrass.” Very common, especially in spring, lower
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Species identified during RFI for Tooele South.

valleys.
Ladi!AmluQmmmlNuttall WI. EUWQIMI, “Peppergrass.” Characteristic plant of the

pinon-juniper, flowering from late spring through midsummer.
I&Q@@ IZEZE!II L., ‘Clasping Pepper-Grass.” Extremely abundant roadside weed in

the warm valleys.

L., “Jim Hill Mustard.” Abundant ruderal weed at low altitudes.
_ _ (Pursch) Bntton, “Prince’s Plume.” common on seleniferous soils in the

valleys. Presence of_ is indkative of the poisonous element, selenium, in the soil.. .
10DSL$vermicul~

!2ahxhortus 4 Torrey & Gray, “Mariposa.” Adobe hills in the lower valleys. Utah
state flower.

* ~onfe~“folia (Torrey & Fremont) Watson, “Shad-scale, !hltbrush. ” Common on
adobe hills.

M * (M~uin) S~Iey, “Shad-@e.” Very ~mmon ~d v~able in s~~re
andld- shape.

-X roses L., “Shad-scale, Saltbrush.” Alkalhe flats and roadsides.
l@bia iimerima Watson. Common on clay flats, lower river valleys.
K!XlliaX!212@a
hlsQ1.aib!XiQl
Sa@2aQMvermicuhtus (Hooker) Torrey, “Greasewood.” Abundant on allaline flats. A

poisonous plant containing calcium oxalate, nevertheless a usefil forage plant if the diet is
mixed and sheep do not graze in pure stands.

Convolvulus ~ensi~ L., “Creeping-Jenny.” Common creeping weed on roadsides and in
lawns, very difficult to eradicate because of its deep roots and brittle rhk.omes.

==.

MJJ@IM Mnverlonlus
Li@cus b~ch?~n
~ h Desrousseaux, “Sweet-Clover.” Extensively planted for forage, erosion

control, and as a honey plant.
L!@lu$ c+fbah$ Kellogg. Common on sagebrush stands, plateaus.
Er@!Jnl Glcu-unl (L.) L’Heritier, “Crane’s BI1l,FMree.” One of the earliest flowering

weeds of early spring in ruderal sites. Identified with purple flowers instead of pink.
- arcticus ssp. vallicola
- * L., “Catnip.” Ruderal weed in gardens and shaded pastures on floodplains.
~ dbkadis @ouglm) Rydberg. Common in =lY spring at low ~titudes including

desert flats.
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?“@ntial Plant ,%eae,s for Tooele Armv Deoot - Nom

Species identified during RFI for Tooele South.

W.uzehdbhulis
~ CQC@IQI(IWW.U) Rydberg SW.d.issQs (NuttaU)Kearney, Copper Mallow,

“Globe hfd”w. “ Roadsides and ruderal, often dkturbed sites in the valleys.
QOQthem S3E@Qsa Nuttall, “Evening-primrose.” Abundant on clay hills and sandy road-

cuta in the valleys and canyons.
~ 9v~ifolium var. ~evadensi~Gandoger, “Wild Buckwheat.” Sagebrush, benches

pinon-juniper and adobe hills.
- QL&!ML., “Curly Dock.” Weed in wet ditches.
Gilia MgKgi&7
Gilia IQWmQia
~ Iws4i Richardon ssp. Ml@22!s (TOrrey& Gray) Wherry. Very common throughout,

m sagebrush.
I!!dQx~ NutMl. Abundant throughout on roadsides, adobe hills and sagebrush.
&roDvro n ~ ssp. dmertorum.
&!21JMSk23QMll
- ~ @lnesque) Swezey, “Wild Rye.”
EIY!JIW*
h l?u!bwi L. “BulbousBluegrass.w Commonly cult and spreading in dry land.
W Wmuressa L., “Canada Bluegrass.” common on dry hillsides.

L h fendleriana (Steudel) Vasey, “Muttongrass.”
I?SKI* Presl., “Bluegrass.” Very common and variable on dry grassland and desert-

&Y=&m n i
s

Ranunculus testiculatuS
* vireiniana (L.) Miller ssp. melanocarna (Nelson) Weber, “Choke-Cherry.” Along

streams in the lower valleys.
ENmlSY&iI!&d
E!@tia nrexi~~ v~. SmshYam
Bmhh Lrikhta Q%@ de Candolle, “Bitterbrush.” Abundant in rocky sagebrush and

pinon-juniper.
VerbascuIU@QSUSL., “Mullein.” An abundant roadside weed.
= L. “TaMtiah, Salt Cedar. “
U!ll!$sM L., “Chinese Elm. ” ‘Ilk central asian import was brought here because of its

drought hardiness. It has been extensively planted around homesteads for shade and
shelter from wind. As the land was abandoned the elms have survived and now colonize
floodplains in the vicinity.

_ b@2&3t4hg= & Rodriguez, “Vervain.w Rude~ w@.
hbhM ~ (TOIT@ Antoine, “Utah Juniper.” Pinon-juniper.
_ YilidiSCoville, “Mormon Tea. ” Desert sites and high altitud~.
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Potential Plant Soecies for Tooele ArmVDcoot - North

Species identified during RFI for Tocele South.

A search of our information revealed no known occurrences of federal Candidateplants in
either unit of the Tooele Army Depot. There is one record of the Category 2 candi&te plant
QYStW!M ~ about six miles ~uth of tie southern unit, in Section 33 of T7S R5w
(SLM). Its habitat is given as a black sagebrush community on low tuffaceous hills.
However, a Commentin the record states that this occumence is unverified and needs to be
checked in the field (which we have never done). Most known occurrences of this plant are
much farther to the southwest in the west-desert part of Utah. (lWhy, Coordinator for UtaA
Natural Heritage Program)
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POWntial Mammals for Tooele Armv DeDot- North

Species have not been verified to be present by field investigation.

SmX meaiami “Merrim’s ShreW”
SQrEXYagmnS“vagrant shrew”
SQIQxpa4uWis “Water Shrew”
MY@+kifugu$ “Little Brown Myotis”
w a “Long-eared Myotis”
My!+s KW$ “Long-leggedMyotis”
&@USX “Small-footedMyotis.” Identified as - u in the Audubon Soci@

leld Gmde to North Ame~ Mam L. .
~ “Silver-htimBat”

_ _ “Western Pipistrelle”
~ _ “Big Brown Batw

“Hoary Bat.“ Identified as .Lashmuscinereu~in the Audubon Societv Field
encasr h@ID.EQ

IUXQDJSkwrrsendu “Townsend’sBig-eared Bat”
E@x!?la DMQ@U!D“spottedBatw
hlIQZQMRW,IMS“Pallid Bat”
TadUida brasiliensis “Brazilian Free-tailed Bat”
_ @ifomi CM “Black-tailedJackrabbit”
~ .md@4ii“Nutiis Cottontail”
~ a~t “Desert Cottontail”

L Narmota fiaviventris “Yellow-BelliedMarmot”
Jown* ndii “Townsend’s Ground Squirrel”

~ ~ “R~k Squirrel”
1M H “Golden-MantledGround Squirrel”

Ammo.sw rmoDhilusleucuru$ “Antelope Ground Squimel”
JMarrri~ minimus “Least Chipmunk”
EMamias~ “UirstaChipmunk”
E!lWl@S&x@is “Cliff Chipmunk”
~ u “Northern Pocket Gopher”

“Southern Pccket Gopher”
mbris “Little Pocket Mouse”

flxnuws “Great-Bash Pocket Mouse”
“Dark Kangarm Mouse”

is+toothed Kangaroo Rat”
m Harvest Mousew

_ “Canyon Mouse”
“Deer Mouse”

w ~ “PirryonMouse”
= k!!2Q3W “Northern Grasshopper Mouse”
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Species have not been verified to be present by field investigation.

Nk#QCM@.&i “Desert Wood Rat”
NEQ!QDMci!.wIB “Bushy-tailedWood Rat”
LagUXUSCUI%MUS“Sagebmsh Vole”
MiW2tlNRQU!SYlvanicw “Meadow Vole”
Mif@M mnkmus “Mountain Vole”
MitXQUSlQ@2@!S “Long-tailed Vole”
Rathui~ “No~ay ~t”
W lIM$Q@ “House MOUW”

a - “Western Jumping Mouse”
E.@hk4n dwatulu “Porcupine”
Sklh Ia&as “coyote”
- JJWIQ!&“Kit Fox” “
LIrQqndwQUf2- “Gray FOX”

Msamsus amus “&k!-Tti”
m m “Racwon”
S ermines “Ermine”
M X “Long-tailed Weasel”
* w “Badger”
M@d+is me@i!M “StriP@ Shnk”
SIZM2@Em “Spott~ Shnk”
Ee!is - “Bob~t”
Ee!is conw or1 “Mountain Lion”

ocdeus hemionus “Mule Deer”
~ ameri~a “Pronghom Antelope”
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Species and habitats have not been verified to be present by field investigation.

I@alUSEWiES

Af@b Q@SF@QS“Golden Eagle”
_ S-S “Marsh Hawk”. .
TdlKl!@ I!B!a@a “Violet-green SwrdloW”
_ _ “Bark Swdow”

a p~ta “cliff swallow”
Vermivora m “Orange+rowned Warbler”
RQME2&3l&kZhia “Yellow Warbler”
Dead@2a Q2,KxWa“Yellow-mmbed Warbler.” The white-throated northern population with

two white wing bars was formerly known as the “Myrtle Warbler”; the western race, with
yellow throat and one broad white ‘wingbar, was called “Audubon’sWarbler. ” The tow
have been found to interbreed and are now considered one species, the Yellow-mm@
Warbler.

MQ!@MUSa@ “Brown-headedCowbird”
E!hangaIudoviciana “Western Tanager”
f@i!lMtci$tis “Ameriw Goldfinch.” Identified as Cardueli$ti in the Audubon Soci@y
Field Guide to North A e can Birds Western Bir&.
J!L!KQhwndis “Skite-~ond Junco”
Wr ~ “Oregon Junco”

L S-_ “Brewer’s SparTOW”
notnchia bucmh~ “White-crownedSparrow”

l@dQ@zaIhKdaii “Lincoln’s Sparrow”
13@Q4agQIUS“Rough-leggedHawk”
HaliaeetuSleucoceohalus “Bald Eagle”
Mtmb@Ua fzmu!us “BohemianWaxwing”
E#m!Z@#nXX@ml “C* WaxWing”

esoe DOa YOSpel’tl “n~‘Evening Grosbeak”
~elasDhorus ~ “Rufous Hummingbird”
SeIS.SDhOmsdatvcercu s “Broad-tailed Hummingbird”
Re@L$ sakalza “Golden-crowned Kinglet”
3%22 SQMXius“Solitary Vireo”

~rezn us “Peregrine Falcon”
= ~xsndrinus “Snowy Plover”
Numenius americanus “Long-billed Curlew”

Re$idmtsrxxies

Qtha@es aura “Turkey Vulture”
= X “Sharp-shinnedHawk”
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PO*ntial Avian Soecies for Tooele Armv Deoot - North
d

Species and habitats have not been verified to be present by field investigation.

_ _ “Cooper’s Hawk”
Jj!dteQSM@@ “Swainson’sHawk”
ButQ52jatwticensis “Red-tailed Hawk”
13MeQ_ “Ferruginous Hawk”
EcdQQ~ “Sparrow Hawk”
EalcQ~ “Prairie Falcon”
ZQMi!laIUWKtMa“Mourning Dovew
~ - “Common Nighthawk”
-us ~ “Western Kingbird”
MYk@l!MckEWeQS “Ash-throated Flycatcher”
Si?!mis M “Say’s Phoebew
HMl!ndQIUS.t@4“Barn swallow”
Ti?@Q$@ i@Q!I “House Wren”
Mi!nus QQI@MQS“Mockingbird”

‘Nw”w -R~~.:: Thmher”
DK!uSnWXWXIW
~ $hlorurus “Green-tailed Towhee”
Ec==tes ~ “Vesper %XUTOW”
@2nde@s gmmmacus “Lark .@lrTow”

cWaxxaU!d@MkUa “Sage Grouse”
Phasianus ~ “Ring-NeckedPheasant”
Ak@2cisG!IU!SM“Chuck”
Bubo vir- “Great Homed Owl”
-F~plaIU “ “Burrowing Owl.” Identified as_ $uniculan“ain the Audubon

ocietv uide to North American Birds Western Bir&
Asio OtLS“Long-eared Owl”
~ flammeu $ “Short-eared Owl”
QlaL@ _ “Red-shaftedFlicker”
~ d- “Homed L@”
fbhel~ @c.rulestens “Scrub Jay”
~ @ “Black-BilledMagpie”
CQNMCQmx“Common Raven”

QWQ ~Wh “Pinon Jay”
Lanius ludovicianus “Loggerhead Shnke”
S!a4KWYulgwis “Starling”
llawf21domestics “House sparrow”

Mum!2!h m2gleQa “Western Meadowlark”
* ~ “Red-wingedBlackbird”

Gyanocepdluh “Brewer’s Blackbird”
SPiZdla E3SWIhM“Chipping Sparrow”
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Pok ntial Avian Soecies for Tooele Annv Deoot - No@

Species and habitats have not been verified to be present by field investigation.

HAitatsQfc12mr!l

Shore Lines - Serve as alternating nesting habitats for shore buds during p&-iodsof high
water in the Great Salt Lake.

Muddy Flats - Nesting habitat for candkiate species such as the “Snowy Plover. ”
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BCF
Hc
LOAEL
NOAEL
PAH
PCE
Pvc
TCE
TLv
TWA
STEL

Appendix D
Acronyms/Abbreviations

bioaccumulation factor
Henry’s Constant Law
Low Observed Adverse Effwt Level
No Observed Adverse Effect Level
polycyclic aromatic hydrocarbons
perchloroethylene
polyvinyl chloride
trichloroethene
threshold limit value
time weighted avemge
Short-term Exposure Lhnit





BERYLLIUM
CAS NO. 7440-41-7

SYnQnYm:

metallic beryllium
Eeryllium-9
Glucinium
Glucinum

Beryllium dust
Beryllium, metal powder

Chem stry and UW.S:i

Description: Beryllium is a hard, grayish-white metal. It is insoluble in cold water and soluble
in diluted acids and alkalies.

Uses: Beryllium occurs as a chemical component of certain rocks, soil, and volcanic dust.
Alloys of beryllium are used in making elwtronic parts, construction materials for
machinery, nuclear weapons, aircraft, x-rays, etc. (ASTDR, 1992).

Releases to the environment: Beryllium is emitted naturally by dusts and volcanic particles
(EPA 1987). A major emission source of beryllium is the combustion of coal and fuel oil.
Exposure to beryllium is through inhalation and ingestion of food and water (ASTDR, 1992).

In most soil, beryllium is expected to tightly absorb, especirdly to clay surfaces at low pHs.
Therefore, beryllium is expected to have a low mobility in soil. It is not likely to leach through
soil (ASTDR, 1992).

Beryllium has low mobility in water due to its absorption to sediment.

Residence time for beryllium in ocean water is about a few hundred years. Beryllium is
extremely toxic to warm-water fish in softwatcr. Bioconcentration is not likely by aquatic
organisms.

Transport of beryllium cccurs through wet and dry deposition. Dry deposition rate of aerosol
particles is a function of particle size, wirrdspeed, and surface roughness.

Human Heal th EffecQ:

Routes of exposure to beryllium occur through inhalation of dust and ingestion of contaminated
food or water.

Chronic exposure to beryllium causes shortness of breath, scarring of the lungs and benign
growths in the lungs. Acute exposure causes dermatitis, corned conjunctivitis, etc. (NLM,
1992).
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Systemic effects in rats over a duration of 1 hour resulted in a low observed adverse effect level
(LOAEL) of 0.447 mg BeJm’, and a no observed adverse effect level (NOAEL) of 31 mg Ee/m3 _
over a 10 day exposure period (ASTDR, 1992).

Beryllium is highly toxic, especially by inhalation of dust. It has a threshold limit value of
0.002 mglm’ (Sax, 1987).

Eovimn mental Effect$

A measured bioconcentration factor (BCF) of 19 was reported for bluegill fish. The TLm for
the fathead minnow was 150 ~g/IJ96 hr in sofi water.
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BARIUM
CAS NO. 7440-39-3

sJmu!ms

Bario (Spanish)
Baryum (French)
Elemental Barium

Chemistrv and U=

Description: A silvery-white, malleable metal that is easily oxidized. Barium occurs in nature
as many different compounds. It is highly flammable at room temperature in powder form.
Barium reacts readiiy with water, ammonia, oxygen, and most acids (ASTDR, 1991).

Uses: Barium is produced by reducing barium oxide with a less reactive, non-volatile element.
It is used as a carrier for radium, a deoxidizer of copper, spark-plug alloys, and getter alloys
in vacuum tubes (1-ISDB, 1991).

Ew

Releases to the atmosphere: Barium is a highly reactive metal that occurs naturally in a
combined state. It is released by both natural processes and anthropogenic sources. It is
primarily released by industrial means during mining, refining, etc., and the combustion of coalL
(ASTDR, 1991).

Barium is not very mobile in most soil systems. This is dependent on the characteristics of the
soil. If not taken up by vegetation, barium will be transported through the soil by precipitation
(ASTDR, 1991).

Barium may leach into groundwater (in the presence of chloride) and absorb to soils and
sediments (ASTDR, 1991).

Barium is not expected to hydrolyze except in highly alkaline environments. It is likely to
precipitate out as an insoluble salt. Barium may absorb to suspended particulate matter. The
uptake by fish and marine organisms is also an important removal process (ASTDR, 1991).

Barium is primarily removed from the air by wet and dry deposition. It is easily and readily
oxidized in moist air. Residence time in air is dependent on size, chemical structure, and
environmental factors (ASTDR, 1991).
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WwmM@ka:

Exposure to barhim occurs by ingestion or inhalation of dust or fume and by skin and eye
contact (NLM, 1991).

Barium is not considered to be an industrial health hazard. Exposure to barium resulted in
increased blood pressure. No &ta were available for humarr LOAELS. A NOAEL of 0.21

mi#Wday has b= es~blished. Hype*nsion, smoke, heart and renal dkease were noted after
exposure (ASTDR, 1991).

EovimnmwlEfkE

The uptake of btium by fish and marine organisms is an important removal mechanism.
Barium was found to bioconcentrate in marine plants by a factor of 1,000 times the level present
in water. Bkeoncdration factors (BCFS) in marine animals, plankton, and in algae of 100, 120
and 260, respectively, have been reported (ASTDR, 1991).
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CADMIUM
CAS NO. 7440-43-9

Kadmium (German)
CI 77180
Colloidal Cadmium

(Ire mistrv and U=

Description: Cadmium is a soft, ductile, silver-metal, which has an atomic weight of 112.40
and a specific gravity of 8.642. It is found in many soif profiles under natural conditions. It
is readily attacked by most acids and occurs naturally as zero valence (metal and alloys) and the
+2 valence (compounds) ~.S. EPA, 1980].

Uses: Commercial uses include electroplating and engraving, as a constituent of easily fisible
alloys, of soft solder and of solder for aluminum, in the manufacture of cadmium-vapor lamps,
photoelectric cells, NLCd batteries, and as an amalgam in dentistry (Merck & Co., 1968). In
the atmosphere, cadmium is expected to be present as dust and fumes from smelting of ores,
manufacturing of metallic-alloys, reprocessing of cadmium-containing alloys, recycling of scrip
steel, emissions of coal-tired power plants, and incineration of solid wastes (NLM, 1989).

The principal removal mechanisms for atmospheric cadmium we wet and dry deposition. The
predominant fate of cadmium in aquatic media is sedimentation through binding onto clays or
organic matter, and precipitation with manganese oxide, iron oxide, and hydrates (NLM, 1989).
Cadmium is also bound onto soil particles with increased binding as the organic matter content
of soil increases. Transport in soils may be in the form of nitrate, chloride, carbonate
complexes, hydroxide complexes, ammonia complexes, and as chelated and other organo-
metallic complexes resulting from organic decay. In the aquatic environment, cadmium is
relatively mobile and may be transported in solution as either hydrated cations or as organic or
inorganic complexes. Photolysis is not an important removal process (NLM, 1989).

Human Hcalth Effec&

Several studies indicate that cadmium is poorly absorbed by the gut. In Japan, however, chronic
exposure through cadmium-contaminated food items caused what is known as itai-itai disease.
This disease was caused by cadmium’s ability to weaken bone structure. A lowest observable
effect level dose is estimated to be 301 pg/kg-bw/day. Cadmium is absorbed more efficiently
by the lungs than by the gut in humans. Respiratory problems and possible renal complications
are associated with chronic occupations exposure to cadmium fumes. A major non-occupational
source of respirable cadmium is cigarettes. The estimated intake from the source is 0.1 to 0.2
micrograms per cigarette. Inhalation of welding fumes from metals containing cadmium may
result in “metal fume fever” and acute reaction to occupational levels of cadmium (NLM, 1989).
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Cadmium also has long-term toxicity to mammals. It is particularly effective because it is not
eliminated by the organism and accumulates mostly in the bones. The is also evidence of a _
correlation between cadmium poisoning and arterial hypertension. Cadmium has been
demonstrated to be teratogenic and to reduce fertility following intravenous, intraperitoneal, and
subcutaneous administration. It appears that cadmium can be mutagenic under some conditions;
however, the relationship between mutagenicity and carcinogenicity is not as,well correlated for
metals as for some other classes of carcinogens. Cadmium has been classified by the U.S. EPA.
Carcinogen Assessment Group as a probable human carcinogen by inhalation based upon Iinritfxi
human exposure data. Insufficient data exist to classify cadmium as carcinogenic to humans by
the oral route (FILM, 1989).

Acute toxicity of cadmium ranged from 33-63 pg/L for J2apWa magIM, 8-12,000 pg/L for
fathead mimows, and 21,000 pg/L for bluegill (U.S. EPA, 1980w Blrge et aL, 1985). Blrge
and others. (1985) also reported concentrations of 140 ad 240 pg/L for carp and bass,
respectively, in a 9r5-hour LCWtest.

.-
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CHROMIUM
CAS NO. 7440-47-5

ssYnwYm:

Chrome
Chrom (German)
Chrome (French)

Qmistrv and UseS

Description: Chromium is a naturaIly Occurnng element. It is a steel-gray lustrous metal with
a high melting point, that wcurs in several different forms. No known taste or odor is
associated with chromium. Toxicological important routes of entry are inhalation and ingestion.

Uses: Chromium is used in coloring glass and as pigment for floor coverings, paper, cement
and asphalt roofing. It is also used as a component in stainless and heat-resisting steels. Air
emissions containing chromium result from paper mills, petro-chemical fertilizers, metal
foundries and steam-generation power plants (NRCC, 1976.) The sources of chromium in
wsstewatcr are from its use as a corrosion inhibitor and from dyeing and tanning industries
(Brown, 1983).

Chromium is very mobile in groundwater and sometimes used as a tracer to follow groundwater
flows. In the atmosphere, chromium is associated with particulate matter and is not ex~ted
to exist in a gaseous form. Large particles will deposit quickly. Small particles form stable
aerosols and may be transported many miles. Hexavalent chromium does not absorb to clay.
Sandy wils with low organic contents have high chromium (III) availability (NRCC, 1976).

Human Health Effect$:

Chromium compounds act as allergens, which cause dermatitis to exposed skin. Exposures to
dust or mist may cause coughing, wheezing, and headaches. Chromium may have a corrosive
effect on the mucous membranes of the upper respiratory tract. When compared to adult tissues,
human fetus (hat, liver and spleen) showed an accumulation factor of 10. The level decreased
upon aging (NRCC, 1976).

Environmental Effect&

The bioconcentration factor for chromium in rainbow trout is approximately 1. In bottom feeder
bivalues such as the oyster, mussel, and soft shell clam, the BCF may range from 86 to 192.
Chromium is not expected to biomagnify in the aquatic food chain.
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CAS NO. 7439-92-1

SYnQQYm

Pb
Plumbum

Chemistry and UW

Description: Lead is a heavy, ductile, soft gray metal. It is a known carcinogen of the lungs
and kidneys.

Uses: Lead is the fifth most important metal commercially in the United States and enters the
environment through mining, processing, smelting, refining, recycling, or disposal. Lead is
utilized in the metallurgy process and can be added to other alloys to improve their
characteristics. It is a common constituent of pigments for paints, varnishes, storage batteries,
rubber, plastics, and electronic devices.

Lead is an extremely stable metal, although it dissolves in acid. I-cad usually converts to more
insoluble forms in soil, although some corrosion maybe expected. It also forms complexes with
organic matter and clay minerals, which limit its mobility. In water, lead sinks into the _
sediment, although when dissolved it will form ligands that vary with PH. Lead will also form
compounds of low solubfity with the major anions of natural water. Blomethylation of lead by
benthic microorganisms can lead to its remobilization and reintroduction into the aqueous
environment.

Human Health Effects:

H is poisonous in all forms. Systemic lead poisoning can result from inhalation of airborne
lead particulate matter for fumes, or from ingestion in its ionic form in water and food.
Ingestion of metallic lead can lead to an acute attack after a long asymptomatic period. Lead
ingestion may result in an astringent and metallic taste in the mouth, dry throat, thirst, burning
abdominal pain, and vomiting, occasionally accompanied by diarrhea or constipation. Steels
may be bloody or black due to the presence of lead sulfide. Other symptoms include peripheral
circulatory collapse and neuromuscular symptoms, such as muscular weakness, pain and cramps,
especially in the legs. Central nervous system manifestations include headaches, insomnia,
paresthesia, depression, comas, and death. Exposure to lead by children occasionally produces
progressive mental deterioration.
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Environmental Effects

Lead does not appear to bioconcentrate significantly in fish, but does in some shellfish such as
mussels. The log BCF on a wet weight basis in freshwater fish ranges from 1.38 to 1.65; for
freshwater invertebrates the range is 2.70 to 3.23.

. .
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NICKEL
CAS NO. 7440-02-0

Ni
Elemental Nickel
Synonyms of other compounds vary depending upon the specific nickel component.

~hemisw and UseY

Description: Nickel is a hard, ductile, magnetic metal witJr a silver-white color. It is classified
as a flammable solid.

Uses: Nickel is a valuable mineral commodity because of its resistance to corrosion. It is used
extensively in the production of stainless steel. Other uses include electroplating baths, batteries,
and textile dyes. In the atmosphere, nickel is present as suspended particulate matter.

Nickel is continuously transferred between environmental sectors by erosion, precipitation, and
weathering. Various dry and wet precipitation processes remove particulate matter as washout
or fallout from the atmosphere to soils and water systems. The transportation of nickel in soils
is dependent upon physical and chemical interactions. Aquatic nickel mobility is controlled _
mainly by the capability of various sorbents to release it from solution. Although nickel is
bioawumulated, the concentration factors suggest that partitioning is not a dominarrt fate process.
No data were found to suggest that nickel is involved in any biological transformation in the
aquatic environment.

Human Healt h Effects

Routes of intake for humans are inhalation, ingestion, and percutaneous absorption. Skin
sensitization is the most common toxic reaction. Pulmonary absorption varies according to the
physical form of the compound. Target organs during inhalation expsures have been identified
as the lung, brain, kidney, and liver. Basal on animal studies, nickel appears to have a very
short half-life of several days. There is evidence, both in humans and animals, of carcinogenic
effects from nickel exposures.
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Elm“ronmental Effeq&

Six strains of algae were tested for their ability to bioaccumulate. The concentration factor for
nickel was determined in the mnge of O - 3.0 x 10+3. The effect of environmental
bioaccumulation has been observed to depend on PH. Most of the algae strains accumulated
nickel optimally at a pH of 8.0 (Env. Sci. Tech., 1984). Although aquatic organisms may
accumulate nickel from their surrounding, there is little evidence for significant biomagnification
with food chains (NRCC, 1981). The NOAEL and LOAEL values have been published at 5 and
50 mg/kg/&y, respectively (Ambrose et al., 1976).
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DI-N-BUTYLPHTHALATE
CAS NO. 84-74-2

SYQQwQx

&Benzenediearboxylic Acid
Dibutyl Ester
n-Butyl Phthalate
Celluflex DPB
DBP
Dlbutyl 1,2-Benzenedkarboxylate
Elaol
Hexaplas M/B
NA 9095
Palatinol C
Polycizer DBP
Px 104
Staflex DBP
Witciz.er 300

Description: Di-n-butyl phthalate is a colorless to faint yellow viscous liquid, with a slight, but
characteristic ester odor. .<

Uses: Di-n-butyl phthalate is used primarily to soften plastics such as raincoats, ear interiors,
vinyl fabrics, and floor tiles. It is also used in nail polish, aftershave lotion, adhesives, and
caulking (NLM, 1990).

DLn-butyl phthalate exists primarily as particulate matter and is subject to gravitational settling
when released into the atmosphere. It has an estimated half-life of 18 hours in air, and the free
molecule will photodegrade by reaction with hydroxyl radicals. In water, di-n-butylphthalate
will adsorb moderately to sediment and complex with humic material in the water column.
Biodegradation rates are rapid with 90- 100percent degradation in 3-5 days in industrial rivers,
and 2-17 days in water from a variety of estuarine and freshwater conditions. Although it
biodegrades under anaerobic conditions, its fate in groundwater remains unknown. Di-n-butyl
phthalate will adsorb to a mederate extent and will slowly biodegrade in soil (66 to 98percent
degradation in 26 weeks from two soil) (NLM, 1990).
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Human Healt h EffecQ

Exposure to di-n-butyl phthalate may occur through inhalation, ingestion, or derrmd routes. It
can be found in wastewater emissions during production and use, incineration of plastics, and
migration from products from which it is constmcted. Exposure may also occur from drinking
water and food products. Contact may cause bums to skin and eyes. Breathing plasticizers as
sprays can cause throat irritation. Problems with menstrual disorders and higher rates of
miscarriages, reduced gestation, and delivery rates have been reported among women who
worked in industries where phtbalates were used. Di-n-butyl phthalate has not been classified
as a carcinogen as both human and animal studies iwe not available (U.S. EPA, 1990).

~nvironme mid Effects

Di-n-butyl phthalate is readily metabolized and does not bioaccumulate in fish to any extent.
Studies of clams (Neant hes viren@, amencan oysters, brown shrimp, and sheepshead minnow
reported similar findings. Di-n-butyl phthalate is toxic to synchronously developing larvae of
the brine shrimp, M. An LC~Ovalue of 0.21 mg/L/1500 hr were found in scud

(Ga mws fascia@ whfle the alga, Gvmnodinium brev?, was reported to have a LC~Ovalue
of 0?02-0.6 ppm/96 ~r (NLM, 1991).
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NAPHTHALENE
CAS NO. 91-20-3

SYnQnYm’

Camphor Tar
Mighty 150
Mighty RD1
Moth Balls
Moth Flakes
Naphthalii
Naphthaline
Naphthene
NCI-C52904
VR 1334
VR 2304
White Tar

Chemistm and Usex

Description: Naphthalene is a white, solid substance with the characteristic odor of tar or
mothballs (ATSDR, 1990).

Uses: Naphthalene is used primarily in the manufacture of dyes and resins. In addhion, _
naphthslene is a major component in mothball production.

Naphthalene enters the atmosphere primarily from fugitive emissions and exhaust asswiated with
its presence in fuel oil, coal tar, and gasoline. Naphthalene redly volatilizes in the atmosphere
with a half-life of 3-8 hours. Releases into the water are lost to volatilization, photolysis,
adsorption, and biodegradation. Half-lives vary by process, but can be expected to range from
a few days to a few months. Naphthalene is adsorbed moderately in soil and undergoes
biodegradation. In some cases, it will appear in groundwater where bhxiegradation may still
occur (FILM, 1990).

Human Health Effects:

Surface contact with naphthalene can cause cataracts and ocular irritation, skin irritation, and
in sensitized indlvidusls, severe dermatitis. When inhaled, headache, confusion, and excitement
may result. Ingestion of naphthalene may produce abdominal cramps with nausea, vomiting,
and diarrhea, also headache, profuse perspiration, listlessness, and confusion. In severe
poisoning, coma with or without convulsions may occur. Acute hemolysis accompanied after
3 days by anemia, leukocytosis, fever, hemoglobinuria, jaundice, renal insufficiency, and
wmetimes disturbances of liver function is the most characteristic symptom. In the absence of
supportive treatment, death may result from acute renal failure in adults or kemicterus in infants _
(NLM, 1990).
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~vironmental Eff@s

BkXOnWn~tiOn is ~own to occur to a moderate extent in fish and invertebrates, but since
deputation and metabolism proceed quicldy in aquatic systems, it is not considered to be a
significant problem. Log octonallwater partition coefficients ranged from 3.29 to 3.37 (ASTDR,
1990). Naphthalene has a log bioconcentration factor of 1.6-3.0 fo~ fish and aquatic
invertebrates.
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CARBON TETRACHLORIDE
CAS NO. 56-23-5

Berrzinoform
Carbona
Carbon TET
Methane Tetrachloride
Perchloromethane
VR 1846
Tetrasol

Chem strv and Use$i

Description: Carbon tetrachloride is a colorless liquid with a characteristics ether-like odor.
It is miscible with alcohol, benzene, chloroform, and ether. High vapor pressure (91.3 mm Hg
at 20”C) suggests rapid evaporation.

Uses: Carbon tetrachloride is used as a solvent for oils, lacquers, varnishes, and resins. It is
also used as a drying agent for spark plugs.

Carbon tetrachloride has been noted to be slightly removed during infiltration of river water into -
adjacent monitoring wells. In addition to its high vapor pressure, the soils’ low adsorption
coefficient contributes to groundwater migration. Evaporation from water is a significant
removal process. Based upon field-monitoring data, the estimated half-life in groundwater and
lakes is 3-300 days.

Carbon tetrachloride is very stable in the atmosphere with residence times of 30-50 years (NLM,
1991). Its main atmospheric loss is photolytic diffusion. It is estimated that less than lpercent
of carbon tetrachlonde released to the air is partitioned into the oceans (NLM, 1991).
Hydrolysis half-life in water is 7,000 years at 25 ‘C (NLM, 1991). Bkconcentration factors in
aquatic organisms and sediment adsorption is not significant.

Human Health Effects

Routes of entry for human exposures to wbon tetrachloride are skin contact, ingestion, and
inhalation. Repeated contact may lead to fissured dermatitis. Excessive exposure may result
in depression of the central nervous system. Acute episodes can develop into liver and kidney
disorders. Other symptoms include nausea, abdominal pain, and toxic hepatitis. Carbon
tetrachlonde is classified as a human carcinogen (NIOSH, 1987).
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Environment Eff@$

A 96-hour LC~Ofor bluegills was reported at 125,000 pg/L. A LC~Oof 67 ppm was identified
for - ~ (guppy) during a 14 day bioassay. Rainbow trout were ex~sed to 10,
40, 60, and 80 mg/kg of carbon tetrachloride in water for 2, 4, 6, and 8 hours. After the
exposure episodes, tbe highest concentration was detected in the fat. Lower levels were present
in liver, heart, and gills.

.
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MERCURY
CAS NO. 7439-97-6

Hg
Colloidal Mercury
Metallic Mercury
Quicl&lver

Ckm wv and USGSi

Description: Mercury is a silver-white, heavy, odorless liquid metal. It is insoluble and
classified as non-combustible liquid.

Uses: Mercury ore is ubiquitous in rock formations and is also present under natural conditions
in soils. Besides a variety of inorganic compounds, mercury forms a number of organic
chemicals. Organic compounds are toxicologically and environmentally significant because they
can be rapidly absorbed by living organisms. Mercury is used in a number of industrial
processes and in fungicides. The largest industrial use of mercury is for the manufacture of
electrical apparatus. Mercury in ambient air is largely derived from electrical and chloroalld
industries and the burning of fossil fuels.

Mercury binds strongly to soils, especirdly to soil organic material. Elemental mercury is very
immobile in soil; thus, leaching to groundwater is unlikely. Organomercury develops in soil
witiln 30 to 50 days after application in the presence of biological activity. Availability of soil
mercury to plants is very low and there is a root barrier to translocation of mercury to plant
tops. Volatility of elemental mercury accounts for high atmospheric concentrations, reported
at 20 to 200 pg/m3 near areas containing high soil levels of 10 mg/kg (normal atmospheric
concentration = 5 ug/m3). Mercury binds to atmospheric dust particles which are removed by
wet and dry deposition. Photodegradation may be important in the removal of vapor-phase
mercurial compounds (NLM, 1989).

In aquatic systems, mercury appears to bind to dissolved matter or fine particulate and to bed
sediments. Mercury in sediments can be desorbed into the water column, transported, and
redeposited. Methylation is likely to occur in the top two centimeters of the sdments.
Virtually any mercurial compound can be microbially converted to methyl mercury. Methylation
is also reported to occur among zooplankton. Transformation to volatile chemicals, such as
dimethyl mercury may result in loss to the atmosphere or conversion to photolysis to
methylmercury and return to the surface water. Mercury bioaccumulates and concentrates in
the food chain, where it then acts as a significant transport mechanism (NLM, 1989).
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Human Healt h Effects:

Metallic mercury is poorly absorbed from the gastrointestinal tract. However, ingested organic
mercury, especially methylmercury, is almost completely absorbed. The respiratory system is
much more efficient in absorbiig mercury vapor. Studies indicate that approximately 80 percent
of the inhaled vapor is absorbed. Data regading the absorption of organic mercury via the
lungs have not been identified in the literature reviewed.

The toxic effects of chronic exposure to elevated levels of mercury have been well documented.
Exposure to elevated organic mercury resulted in Japan after consumption of tainted smfood and

in @ *r P@ple consum~ br~ retie from gain treated with a mercury-containing
fungicide. The major signs of toxicity were twitching in the extremities, impaired peripheral
field of vision, slurred speech, and unsteadiness of gait and limb. Maximum severity of
symptoms wcurred several weeks after the end of exposure.

The Human Health Assessment Group of the U.S. Environmental Protection Agency has
classified this chemical as “not classifiable as to human carcinogenicity. ” NO human da~m is
available, and animal and supporting &ta are inadequate to classify possible human effects (U.S.
EPA, 1989).

Envir onmental Effeck:

The U.S. EPA Ambient Water Quality Criteria document reports acute 96-hour LC~Ovalues of
5, 15 and 24-400 pg/L for Dauhnia, fatbead minnows, and trout, respectively. A value of 350
pg/L has been reported for catfish (NLM, 1989). MATC values in the ranges of I -2.47 pg/L,
for Dauhnia have been reported. Barnthouse and Suter (1986) reported a NOEC of <0.23-
<0.26 pg/L for fathead minnows and Biryl et aL (1985) reported a MATC of 0.29-0.93 pg/L
for trout.
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1, I-DICHLOROETHANE
CAS NO. 75-34-3 .

SYm2aYm

Chlorinated Hydrochloric Ether
1, l-Dichloroethan
Ethylidene Chloride
Ethylidene Dichloride
NCI - C04535
VR 2362

Description: 1, l-Dlchloroethane is a colorless, oily liquid with an aromatic ethereal odor and
saccharine taste.

Uses: 1, l-Dichloroethane is produced commercially from hydrogen chloride and vinyl chloride.
It is used as an extmctant for heat-sensitive substances and in the manufacture of high vacuum
rubber.

1, l-Dlchloroethane is released into the environment as fugitive air emissions and in wastewater _
resulting from its production and use as a chemical intermediate. 1, l-Dichlomcthane is mobile
in the environment, with a moderate water volubility (5,500 mg/L), high vapor pressure (230
mm Hg at 25 “C), and low organic carbon partition coefficient (43). It has a log octanol water
partition coefficient of 1.9. When 1,I-dichloroethane is released to the soil it will be lost rapidly
through evaporation. There is a possibility for leaching into the groundwater due to its low soil
absorptivity. 1, l-Dichlorodlrrme rcleassd to surface water will also be lost primarily through
volatilization, with half-lives of 6-9 days for ponds, 5-8 days for lakes, and 24-32 hours for
rivers. Adsorption to sediment, “biodegradation, and hydrolysis should be insignificant. When
released into the atmosphere, 1, l-dichlorocthane degrades by reaction with photochemiwdly
produced hydroxyl radicals, with a half-life of 62 days. 1, l-Dichloroethane will dispose
considerably in the atmosphere and will be washed out by rain due to its moderate volubility in
water (NLM, 1989).

Human H~t h Effec&

1, l-Dichloroethane can be absorbed into the human body by inhalation, ingestion, and skin or
eye contact. It produces central nervous system depression, respiratory tract irritation, and skin
bums. The impact of 1, l-dichloroethane on human organs has not yet been defined, with one
study showing the chemical to cause liver and kidney damage, and other studies showing
relatively low capacity to cause liver or kidney injury even on repeated exposure. 1,1-
Dichloroethane is about one-half as toxic as 1,2-dichloroetharre. It is an experimental teratogen
and tumorigen, but has not been shown to be mutagenic. 1, l-Dichlorcethane has been classified ---
by U.S. EPA as a possible human carcinogen based on limited evidence in animals (U.S. EPA,
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1990). Recent chronic studies indicate that 1, 1-DCA has little capacity for causing liver
damage, Rats, guinea pigs, rabbits, and dogs were exposed to either 500 or 1000 ppm for 7
hr/&y, 5 days/week for 6 months. Pathological studies showed no evidence of changes due to
the exposure (ACGIH, 1986). An oral study reported a LDm for rats of 14.1 g/kg @rcyc.
Chem. Tech, 1978). During a mouse and rat inhalation study, LC~@of 17, 300 ppm/2 hour and
16,000 ppm/8 hour were reported, respectively (Verschueren, 1983). ,

Environmental Effcc@

A 96-hour static bioassay in freshwater resulted in a LCWof 550 ppm for bluegill (Verschueren,
1983). During a 7-&y bioassay, guppies were reported to have a IXw of 202 ppm
(Verschueren, 1983). The estimated concentration factor for 1, I-dichloroethane is 1.3,
indicating insignificant bioconcentration in fish. The Koc estimated from water volubility is 4.3.
‘Ilk value indicates little potential for absorption to soil organic matter. 1,1-DCA has been
noted to be readily leached from materials at land disposal sites (Verschueren, 1983). All of the
chlorocthanes have a whole body elimination haJf-life in exposed bluegills of less than two &ys
(NLM, 1989).
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METHYLENE CHLORIDE
CAS NO. 75-09-2

Dichloromethane
Aerothene MM
Chlosure de Methylene
DCM
Methane Dichloride
Methylene Bichloride
Narkotil
NCI-C501O2
VR 1593
Solaeathin
Solmethbre

trv arrd Uses

Description: Methylene chloride is a colorless liquid with a sweet, chloroform-like odor. Due
to its high vapor pressure (400 mg Hg at 24.1 ‘C), methylene chloride is expected to volatilize
readily.

Uses: Methylene chloride is used as a paint remover, degreaser, and low temperature extractant _
of substances which are adversely affected by Klgh temperature. In the chemical processing
industry, methylene chloride is also used as a carrier solvent for insecticides and herbicides.

When methylene chloride is spilled onto the land it will primarily evaporate due to its high vapor
pressure. Some methylene chloride is assumed to leach through the soil into the groundwater,
although data on absorptivity are lacking. Methylene chloride released to surface water will be
lost by evaporation, taking several hours depending on wind and mixing conditions.
Bkdegradation is possible in surface waters, but will probably be slow compared to evaporation.
Hydrolysis is not an important degradation process with a minimum half-life of 18 months.
Degradation in groundwater is unknown. Methylene chloride released to the atmosphere will
degrade by reaction with hydroxyl radicals, with a half-life of several months. A small fraction
of the chemical will diffuse to the stratosphere where it will degrade rapidly by photolysis and
r~tion with chlorine radicals. Methylene chloride is partially returned to earth through
precipitation (NLM, 1989).
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Human Hdth Effects:

Methylene chloride is a mild narcotic. Effects of intoxication include headaches, irritability,
numbness, and tingling in the limbs. The liquid and vapors are irritating to the eyes and upper
respiratory tract at higher concentrations. The primary route of human exposure is through
inhalation. Once inside the body, methylene chloride is absorbed through the body membranes
and rapidly enters the bloodstream (ATSDR, 1989). If the liquid is held in contact with the
skin, severe bums may develop. In severe cases of overexposure, observers have noted toxic
encephalopathy with hallucinations, pulmonary edema, coma, and death. Cardiac arrhythmias
have been produced in animals, but have not been common in human experiences. Methylene
chloride is classified as a probable human carcinogen (NLM, 1990). LD~Ofor a rat (oral
bioassay) was reported at greater than 1600 mg/kg (Verschueren, 1983). LDW for a mouse.
(inhalation bioassay) was listed as greater than 16,000 ppm/7hr (L4RC, 1986). LCm for a
guinea pig during an inhalation bioassay was reported at greater than 11,600 ppm/6hr (IARC.,
1986).

Environmental Effec&

The 96-hour LC~Ofor the fathead minnow was 193 mg/L in a flow-through test and 310 mg/L
in a static test. The LC~Ofor the bluegill was 230 mg/L and 220 mg/L for 24- and 96-hour
tests, respectively (conditions unspecified). The LCJOfor the guppy in a 14-day test was 294
ppm and 224 mg/L for Dauhnia maena in a 48-hour test. Although experimental data are
lacking, methylene chloride is not expected to bioconcentrate due to its low octanol/water
partition coefficient, log Kow equals 1.25 NM, 1989). The NOAEL for males and females
are 5.85 mg/kg/day and 6,47mg/kg/day, respectively (National Coffee Association, 1982). The
LOAEL for mrdes and females were reported as 52.58 mg/kg/day and 58.32 mg/kg/day,
respectively (National Coffee Association, 1982).

D-23



BIS (2-ETHYLHEXYL) PHTHALATE
CAS NO. 117-81-7

SYQQwN

BEHP
1,2-Benzenedicarboxylic Acid
Bkoflex 81
Bkoflex DOP
DEHP
Di-aec-Octyl Phthalate
Ergoplast FDO
Eviplast 80
Eviplast 81
Fleximel
Flexol DOP
Hatcol DOP
Hercoflex 260
Mollan O
NCI-C52733
Sicol 150
Vinicizer 80
Witcizer 312

trv and Uses:
4

Description: Bk (2-ethylhexyl) phthalate is a colorless to light colored oil with a slight odor.
It has a low vapor pressure (1.32 mm Hg at 200”C).

Uses: BIs (2-ethylhexyl) phthalate is commonly used as a plasticizer for PVC resins. Other
uses include pesticide formulations, dielectric. fluids, and solvents. Although there have been
reports suggesting natural sources of the chemical, they are negligible compared to manmade
sources (ATSDR, 1989).
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Ed?!%

Bis (2-ethylhexyl)phthalate has a strong tendency to adsorb to soil and sediment, particularly
organic-rich soils. Due to its low volatility, bis (2-ethylhexyl) phthalatc will tend not to
evaporate when dkcharged to the land or water. DEHP has been shown to bksdegrade under
aerobic conditions, with a half-life of several days. Biodegradation under anaerobic conditions
occurs very slowly, if at all. Evaporation of DEHP from surface waters is likely to be
negligible, with sediments playing a more important role in determining the fate of the chemical.
Because of its low vapor pressure and strong adsorptive tendency, atmospheric DEHP will have
a strong tendency to adsorb to atmospheric particulate and be removed in precipitation
(ATSDR, 1989).

Human Health EffecN

Bis (2-ethylhexyl) phthalate is absorbed well through the gastrointestinal tract following
ingestion. Once absorbed, DEHP is distributed through the body with the liver and testes being
main target organs. Elimination from the body is rapid, with only a slight cumulative potential.

Environmental Effects

Reported LC~Ovalues for the coho salmon, channel cattish, rainbow trout and bluegill were
greater than 100 mg/L for a 96-hour static test. Other tests reported LC~@of greater than 770
mg/L for bluegilts in a 96-hour test and 1,000-5,000 pg/1 for DaDhnia maena in a 48-hour test.
Bk (2-ethylhexyl) phthalate does have a tendency to bioconcentrate in aquatic organisms.
Experimental log bioconmrtration factors range from two to four in fish and invertebrates. The
bioccmcentration factor for rainbow trout ranged from 42 to 113 for a 36-day test. Fathead
minnows had a bioconcentration factor of 115-886 in a 56 day test. The log octanol/water
partition coefficient for bis (2-ethylhexyl) phthalate is 4.88 @JLM, 1989).

DEHP has a strong tendency to adsorb to soil and sediments. Calculated log Koc values of 4-5
have been reported. Evidenm demonstrates strong partitioning to clays and scxtiments. DEHP
has a very low vapor pressure and Henry’s Law Constant 1 x 104. ‘Ilk value relates to a low
potential of evaporation from soils or water.
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1,2-DICHLOROETHENE
CAS NO. 540-59-0

Acetylene Dichloride
1,2-Dichloroethylene
Diaform
NCI-C56031

Description: 1,2-Dichloroethene is a colorless, flammable liquid with a slightly acrid,
chloroform-like odor. It can be present in hvo isomers, trans and cis.

Uses: 1, l-Dichloroethene is most ot’ten used in the production of solvents and in chemical
mixtures. It is also a by-product in the manufacture of chlorinated compounds.

1,2-Dichlorcethane released to the soil will evaporate readily, or leach into the soil, where it will
biodegrade very slowly. When released to the water, it will be lost mainly through
volatilization, with a half-life of 3 hours in a model river. Biodegradation and adsorption of 1,2-
dichloroethene to swliment should not be significam. In tie atmosphere, 1,2-dic~oroethene will .. ..
degrade by reaction with photochemically produced hydroxyl radicals, with half-lives of 8 and
3.6 days for the cis and trans isomers, respectively (NJ-M, 1989).

Exposure to 1,2-dichloroethene vapors can cause nausea, vomiting, weakness, tremor, epigastric
cramps, and central nervous system depression. Exposure to the eye may results in reversible
corned clouding. 1,2-Dichloroethene is considered toxic by inhalation, skin contact, or
ingestion. The chemical is largely excreted through the lungs (NLM, 1989), It has not been
evaluated by EPA for human carcinogenicity (U.S. EPA, 1990).

Environmental Effec~:

The recommended octanol/water partition coefficients for cis- and trans- 1,2-dichloroethene are
1.86 and 2.06, respectively. One can estimate a bioconcentration factor of between 15 and 22,
indicating that 1,2-dlchloroethene will not bkconcentfate significantly in aquatic organisms
(NLM, 1989).
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TRICHLOROETHYLENE
CAS NO. 79-01-6

SYtmYaW

Acetylene Trichloride
Algylen
Anamenth
Benzinol
Cecdene
Dow-Tri
Ethinyl Trichloride
Ethylene Trichloride
Fluate
TCE
Tri-clene
VR 1710
Vestrol
Westrasol

Chemistrv and Uscy

Description: Tricbloroethene (TCE) is a clear, colorless liquid with a sweet odor. The odor
is detectable at a level of 50 ppm. TCE is soluble in chloroform acetone, alcohol, and ether.
Its volubility in water is 1.110 mg/L at 25”C. The vapor pressure is 19.9 mm Hg at O-C.

Uses: TCE is used for vapor decreasing of metals. It is also used as a chemical intermediate
in the production of pesticides, waxes, gums, resins, tars, and paints. It is now known to occur
as a natural product.

TCE enters the atmosphere as air emissions from metal decreasing plants and as wastewater
from metal finishing, paint and ink formulation, ekctrical/electronic components, and robber
processing industries (NLM, 1989). when released to the land, TCE evaporates readily due to
its high vapor pressure. It may also leach through the soil and into the groundwater, where it
may remain for a long time. There is some evidence of degradation in the soil to form other
chlorinated alkenes. The aquatic fate of TCE is low by evaporation with a half-life ranging from
minutes to hours, depending upon the turbulence of the water. Biodegradation, hydrolysis, and
photo-oxidation will occur at a much slower rate. In the atmosphere, TCE will react fairly
rapidly, especially under smog conditions. An atmosphere residence time of 5 days has been
reported with the formation of phosgene, dichloroacetyl chloride, and formyl chloride (NLM,
1989).
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Exposure to trichloroethylene vapor may cause irritation of the eyes, nose, and throat. Repeated -
or prolonged skin contact with the liquid may cause dermatitis. Acute exposure to TCE
depresses the central nervous system efilbiting such symptoms as headaches, dizziness, vertigo,
tremors, nausea, blurred vision, and irregular heart beat. If splashed in the eyes, the liquid may
cause burning irritation and severe damage. Prolonged occupational exposures to TCE have
been associated with impairment of peripheral nervous system function. Alcohol may make
symptoms of overexposure worse. The LD~Ofor humans is 50 to 500 mg/kg @TLM, 1989).
TCE is recognized as a probable human carcinogen. The aggregate risk of cancer due to
exposure to TCE is 4.1 cases per year for persons living within 50 km of emission sources (51
Federal Register 7714).

Environmental Effects

Ninety-six (96) hour LC~Odata range from 2,000 pg/L to 68,800 pg/L for grass shrimp and
fathead minnows, respectively. During a 96-hour static bioassay, the LC~Ofor bluegill sunfish
was reported as 44.700 pg/L (IJ.S. EPA, 1980). Marine monitoring data suggest moderate
bioconcentration (2 to 25 times). The bioconcentration factor (BCF) for bluegill sunfish and
rainbow trout ranges between 17 and 39. The octanol/water partition coefficient (log Kow) is
9.29 (NLM, 1989). Low absorption coefficient (log Koc = 2.0) indicates a high level of soil
transport and low potential for sediment absorption. A high value for Henry’s Law (Hc)
Constant (-0.4 1) and several field studies support the occurrence of rapid evaporation from
water. ..-.
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TETRACHLOROETHYLENE
CAS NO. 127-18-4

AntiSol 1
carbon Bichloride
NCI-C04580
NEMA
PCE
PERC
Perchloroethylene
Perclene
PERK
Tetlen
Tetracap
Tetropil
VR 1897

Description: Tetrachloroethylene, also known as perchloroethylene (PCE), is a colorless,
tasteless liquid witi a mildly sweet odor. PCE has a vapor pressure of 18.47 mm Hg at 25 “C.

k-

Uae.x PCE is used in the textile indus~ as a dry cleaning agent. It is also used in vapor
decreasing of metals. It enters the atmosphere as figitive air emissions from dry cleaning and
metal decreasing industries (NLM, 1989).

When spilled on the land, PCE, will evaporate into the atmosphere. It has a low to medium
mobility in soil, but it may leach through sandy soils into the groundwater. PCE is not expected
to hydrolyze. It may biodegrade in the soil under anaerobic conditions. It cars also be
transformed by reductive dehalogenation under anaerobic conditions to trichlorocthylene,
dlchloroethylene, and vinyl chloride. The aquatic fate of PCE is loss by evaporation to the
atmosphere. The half-life may vary from less than one day to several weelcs. No significant
hydrcdization, biodegradation, bkxoncentration in aquatic organisms, or absorption to sediment
should occur. It decomposes slowly in water to yield trichloroacetic acid and hydrochloric acid.
In the atmosphere, PCE exists mainly in the gas phase. It is subject to photooxidation with a
half-life anywhere from 1 hour to 2 months. Some PCE may washout in the rain. The primary
degration product is phosgene (NLM, 1989).
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Tetrachloroethylene is absorbed by inhalation of contaminated air and ingestion of contaminated -
drinking water. Inhalation is the principal route by which PCE enters the body, followed by the
oral route. Dermal absorption is minimal by comparison. It is considered a probable human
carcinogen currently under study (U.S. EPA, 1990). Once in the blocdstq%un, PCE tends to
concentrate in human body fat and the bmin. It may cause liver irregularities, respiratory tract
irritation, conjunctivitis, dermatitis or inflammation of the skin, and depression of the centd
nervous system (NLM, 1989).

Ew iron mental E-

Available data for PCE indicate that acute and chronic toxicity to freshwater aquatic life can
occur at concentrations around 840 and 5,280 pg/L, respectively (U.S. EPA 1985). The
bbmwentration factor (BCF) of tetrachlorcethylene in fathead minnows is 38.9 and in bluegill
sunfish is 49 (NLM, 1989). A 96-hour flow-through bioassay producd an LC50of 18.4 mg/L
for fathead minnows (Verschueren, 1983). An LC~Ofor Dap!mia nragna was reported at 18
mg/L during a 48-hour static bioassay (LeBlanc, 1980). Due to its high vapor pressure and low
adsorption to soil, volatilizdion of PCE from dry soil should be rapid (lliddick et al., 1986).
NOAEL and LOAEL was reported at 20 mg/kg/day (convertd to 14 mg/kg/day) and 100
mg/kg/day (converted to 71 mg/kg/day), respectively Buber and O’Flaherty, 1985].
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XYLENE
CAS NO. 1330-20-7

SYmYms:

Dimethyl Benzene
Kaylen
NCI - C55232
VR 1307
Xylol

Cftem wry and Us&si

Description: Xylene is a clear, tasteless volatile liquid with a sweet odor. Xylene, as referred
to here, is a mixture of the ortbo-, meta-, and para-isomers.

Uses: Xylene is used in the petroleum refining industry. It is also used as an industrial solvent
and in the manufacturing of insect repellents, pharmaceuticals, and epoxy resins.

Xylene is released to the environment primarily from fugitive emissions and “exhaust connected
with its use in gasoline. when released to the soil, xylene will volatilize and leach into the
ground. Xylene is moderately mobile in the soil and may Icach into the groundwater. There

.
is some evidence of biodegradation Occurnng in the soil, but the extent depends upon the
concentration, residence time, nature of the soil, and the acclimation of microbial populations
(U.S. EPA, 1989). Atmospheric degradation will occur by reaction with photochemically
produced hydroxyl radicals. The half-life of this process may vary 1 to 1.7 hours in the summer
and 10 ‘to 18 hours during the winter (U.S. EPA, 1989).

The aquatic fate of xylene is primarily volatilization, with a half-life of 1 to 5.5 days. Some
adsorption to sediment is expected to occur. Although there is some evidence of biodegradation
in the groundwater, xylene has been known to persist for many years. The extent of degradation
will depend on contaminant concentration, residence time in soil, soil characteristics, and
whether microbial populations have been acclimated.

Human Health Effects

Vapors may cause irritation of the eyes, nose, and throat. Repeated or prolonged skin contact
may cause dermatitis and defatting of the skin. Xylene is absorbed mainly through mucous
membranes and the pulmonary system. Absorption through intact and broken skin also occurs
readily. Xylene is a centraf nervous system depressant that produces lightheadedness, nausea,
headache, and ataxia at low doses. Aspiration of liquid xylene may cause chemical pneumonitis,
pulmonary edema, and severe hemorrhage. At higher doses, xylene causes confusion,
respiratory depression, and coma. Exposure above 100 ppm causes conjunctivitis, nasal
irritation, and sore throats. It is a strong respiratory irritant when present in high
concentrations. Xylene is fetotoxic in rodents following maternal inhalation exposure. It is
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teratogenic to mice and rats, and embryotoxic to rats. The brain, liver, lung, and heart were
also affected during thk exposure. The human oral LDLo has been reported at 50 mg/kg. -
OSHA has established an 8-hour weighted average (TWA) threshold limit value (TLV) of 100
ppm and a short term exposure limit (STEL) of 150 ppm for exposure to xylene (U.S. EPA,
1989).

Little bioconcentration of xylene is expected to occur. The log of the BCF for fish is 2.14-2.20.
Log BCF for eels is 1.3. The nctanol/water pardtion coefficient (log Kow) for xylene is 3.12-
3.20. The LD~Ofor goldfish during a 24-hr bkmsay was reported at 13 mg/L (Verschueren,
1983). The NOAEL was listed as 250 mg/kg/day (converted to 179 mg/kg/day)~, 1986].

-.
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ETHYLBENZENE
CAS NO. 100-41-4

SmQn!mY

Aethybenzcd
EE
Ethylbenzeen
Ethylberrzcd
NCI-C56393
Phenylethane
VR 1175

@mistrv and U=

Description: Ethylbenzcne is a colorless, flammable liquid with a pungent odor. Due to its low
vapor pressure (10 mm Hg at 79”F), ethylbenzene is not expected to volatilize readily.

Uses: Ethylbenzene is used in the manufacture of cellulose acetate, styrene, and synthetic
rubber. It is also used as a solvent or diluent and as a component of automotive and aviation
gasoline.

~:

The primary source of exposure is from the air especially in areas of high traffic.
Ethylbenzene will decrease in concentration by evaporation and biodegradation. Representative
half-lives me several days to 2 weeks. It is only adsorbed moderately by soil and may leach into
the groundwater. When released onto soil, ethylbenzene will biodegrade slowly. Evaporation
from water will occur rapidly into the atmosphere with a half-life ranging from several hours
to a few weeks. After the population of degrading microorganisms becomes established,
biodegmdation will occur rapidly. The half-life for this process is 2 days. Ethylbenzene will
be removed from the atmosphere principally by reaction with
hydroxyl radical. Additional quantities will be removed by rain.
adsorbed by the sediment (FILM, 1989).

Human Health Effcct~:

phot6chemi&lly produced
Some ethylbenzene will be

Ethylbenzene liquid and vapor are irritating to the eyes, nose, throat, and skin. The liquid is
a low grade cutaneous irritant, and repeated cmtact may produce a dry, scaly, and fissured
dermatitis. Acute exposure to high concentrations may produce irritation of the mucous
membranes of the upper respiratory tract, nose and mouth, followed by symptoms of narcosis,
cramps, paralysis, and death due to respiratory failure. Effects of short-term exposure will lead
to decreased manual dexterity and prolonged reaction time, Long-term overexposure may
damage the liver and central nervous system.

Animafs exposed through derrmd and/or ingestive routes may suffer central nervous system
depression. Guinea pigs exposed to concentrations of lpcrcent experienced ataxia, loss of

D-33



consciousness, tremors throughout the extremities, and fially death through respiratory failure.
wts given chronic oral doses of 408-680 mg/kg/day for 182 days suffered from liver and kidney _
abnonnahties. Laboratory animals expsed to airborne concentrations ranging from 5,000 to
10,000 ppm had intense congestion and edema of the lung (NLM, 1989). Based on its
octanol/water partition coefficient, ethylbenzene should not significantly bioconcentrate in aquatic
organisms. Concatrations as low as 0.01 mg/L may lead to upper respiratory tract
inflammation, nervous system disorders, and toxic hepatitis (Occ. Health and Safety
Encyclopedia, 1983).

Environmental Effect$

LC@ of 12.1 and 32 mg/L have been reported for fathead mimows and bluegills, respectively
(NLM, 1989). A bioconcentration factor of 37.5 has been reported for fish (U.S. EPA 1986).
Reported 96-br LC,# include 275 mg/L for sheepshead minnows (U.S. EPA., 1978) and 97.1
mg/L for guppies (Water Pollution Control Federation, 1966). Concentrations of less than 0.25
mg/L can cause tainting of fish flesh (Cleland, 1977). Based on the octanol/water partition
coefficient of log Kow (3.15), the log BCF (2.16) in fish would indicate that ethylbenzene
should not significantly bioconcentrate in aquatic organisms (Env. Behavior of Organic
Compounds, 1982). The NOEL and LOAEL was reported as 136 mg/kg/day (converted to 97.1
mg/kg/day) and 408 mg/kg/day (converted to 291 mg/kg/day), respectively (NLM, 1991).
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TOLUENE
CAS No. 108-88-3

S.Ynm!m:

Methyl Benzene
Methacide
Phenyl-methane
NCI-C07272
Toluol
VR 1294

Che mistrv and Uses:

Description: Toluene is a clear, colorless, non-comosive liquid with a sweet, pungent, benzene-
like odor. It has a vapor pressure of 20 mm Hg at 65”F.

Uses: Toluene is used in the manufacture of benzene, as a solvent for paints and coatings, as
a component of automobile and aviation fuels, and as a chemical feed stock for numerous
chemical manufacturing processes.

Toluene is released to the atmosphere primarily from the volatilization of fuels, solvents, and
thimers, and from motor vehicle exhaust. When toluene is released to the land it is lost by
evaporation and microbial degradation. Toluene is relatively mobile in soil and can leach into
the groundwater. Microbial degradation will not occur in the groundwater unless acclimated
microorganisms are present. Toluene released to surface water will be lost by both volatilization
and biodegradation. The water temperature, mixing conditions, and existence of acclimated
microorganisms will determine which of these prcmsses will be predominant. The half-life for
tohsene in surface water ranges from days to several weeks. Adsorption to the sediment ~d
bioconcentration are low. Toluene which is released to the atmosphere degrades moderately
rapidly by reaction with photochemically produced hydroxyl radicals, with a half-life ranging
from 3 hours to slightly greater than 1 day. Toluene is very effectively washed out by rainfall
and snow. Toluene does not absorb radiation greater than 290 nm, and therefore, is not subject
to direct photolysis (U.S. EPA, 1989).

Human Health Effect$

Toluene vapor is readily absorbed by inhalation. The liquid is readily absorbed by the
gastrointestinal tract, but poorly through the skin. Inhalation of the vapors causes headaches,
slight drowsiness, nausea, and difficulty breathing. Extreme inhalation can result in death
through paralysis of the respiratory system. Prolonged skin exposure causes irritation and
possible dermatitis due to removal of natural lipids. Toluene appears to produce reversible
effects on the liver, kidneys and nervous system, with the nervous system being the most
sensitive. Toluene vapors cause a noticeable sensation of irritation to the human eye at 300-400
ppm in air. Eye damage may be irreversible.
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Environmental Effects

The LCm for bluegills exposed to toluene was 17 mg/L for a 24-hour test and 13 mg/L for a 96- -
hour test. Fathead minnows had LC@ of 56-63 mg/L in 24 hour tests and 34-59 in 96-hour
tests. The LCsO for D@miii magna was 313 mg/L in a 48 hour test. Toluene does not
bkccmcentrate significantly in fish and aquatic invertebrates. The log bbconcentration factor
ranges from 0.22 to 1.12 (U.S. EPA, 1989). LDm for a grain weevil was reported as 210 mg/L
(Fergusorr, 1948) as cited in the NRC, 1981). The NOAEL and LOAEL was 312 mg/kg
(converted to 223 mg/kg/day) and 625 mg/kg (converted to 446 mg/kg/day), respectively (NW,
1989).
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PYRENE
CAS NO. 129-00-0

SYm2WlM

Benzo (D, E, F) Phenarsthrene
Beta - Pyrene

Che mistrv and UseS:

Description: Pyrene is colorless and solid and has a slight blue color when in solution. It is
fairly soluble in organic solvents.

Uses: Pyrene is used primarily in biochemical research. It is also used as a starting material
for the synthesis of benzo(a) pyrene.

m“

Pyrene’s release to the environment is ubiquitous since it is a product of incomplete combustion.
It is largely associated with particulate matter, soils, and sediments. It is reasonably stable in
the atmosphere and capable of long distance transport. If released to water, it will adsorb very
strongly to sediments and particulate matter. If released to soil, it will not be expected to leach
appreciably through to groundwater. It is not expected that pyrene will hydrolyze or
significantly evapxatc from soils and surfaces. Evaporation may be impoitant, with a half-life

-
of 4.8 to 39.2 days (NLM, 1991).

~$:

Pyrene has not been classified as to its carcinogenicity (U.S. EPA, 1989). Cutaneous
applications for 10 days caused hyperemia and weight loss. According to Potapova and others,
rats at oral doses near the LDWsuccumbed in 2 to 5 days.
pulmonary, and intragastric disorders.

Environmental Effects

Inhalation exposures lead to hepatic,

Pyrene will bioconcentrate in aquatic organisms slightly to moderately if released in water, but
it will not hydrolyze. Bbconcentration is ccmsidercd to be short term and not an important fate
process. Reported BCF values for rainbow trout, goldfish, and fathead minnows are 72, 457
and 600-970, respectively (NLM, 1991). The NOAEL and LOAEL values were listed as 75 and
125 mg/kg/day, respectively (U.S. EPA, 1989).
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1,1, l-TRICHLOROETHANE
CAS NO. 71-55-6

s)!QQww

Acrothene ‘lT
Chloroetene
Chloroethene
Chlorocthene NV
Methyl Chloroform
Methyltrichloromethane
NCI-C04626
Solvent 111
Strobane
TCA
1,1,1-TCE
Tri-ethane
VR 2831

Chemistrv and Use&

Description: 1,1,1 -Trichlorocthane is a colorless, non-flammable liquid with a sweet odor.

Uses: 1,1, l-Trichlorocthane is found in many products used in the home such as cleaners, _
adhesives, paints, and aerosol sprays (NLM, 1989).

Due to its high vapor pressure (100 mm Hg at 20”C), 1,1, l-trichloroethane will evaporate fairly
rapidly into the atmosphere. The half-life for aquatic fate will range from hours to a few weeks
depending on wind and mixing conditions. 1,1, l-Tnchloroethane is fairly stable in the
atmosphere and is transported long distances. It degrades slowly by reaction with hydroxyl
radkals with a half-life ranging from 6 months to 75 years. Atmospheric degradation is
increased by the presence of chlorine radicals and nitrogen oxides. The amount of 1,1,1-
trichlorocthane in the atmosphere is increasing by 12-17pcrcent annually. Some TCA is returned
to the earth through rainfall. The adsorption of 1,1, l-trichloroethane to soil is proportional to
the organic carbon content of the soil. The partition coefficient of 1,1, l-trichlomethane to five
soils (organic carbon of 0.1- 4.9percent) ranged from <0.05 to 0.5 l/g. Since it is frequently
found in groundwater in high concentrations, one can conclude that it is not strongly adsorbed
to SOik (NLM, 1989).
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Health Effects

1,1, l-Trichlorcethane is a centml nervous system and respiratory depressant and an irritant to
the skin and mucous membranes. Mild liver and kidney dysfunction may occur transiently
following recovery from central nervous system depression (NLM, 1990). 1,1,1 -Trichlorocthane
is absorbed rapidly through the lungs and gastrointestinal tract, but cutaneous absorption is
probably too slow to produce significant toxicity unless the chemical is trapped against the skin
by an impermeable barrier (NLM, 1989). It may cause transient increases in liver enzymes and
translate renal impairment. There are no confirmed human or animal data that have lead to the
classification of 1,1, l-trichloroethane as a carcinogen (U.S. EPA, 1990). The LD~Ofor a female
mouse was reported as 11.24 g/kg (Verschueren, 1983). Mouse LD~Owas listed as 5080 mg/kg
(U.S. EPA, 1982). Oral LDjOof 5.66 g/kg was calculated for a femrde rabbit (Verschueren,
1983). During an inhalation study, a mouse LCW was determined to be 13,500 ppm/10-hrs
(Verschueren, 1983).

Environmental Effec$

For a 96-hr bioassay, fathead minnows had am LC~Oof 52.8 mg/L for a flow-through test and
105 mg/L for a static test. The 7-day LC~Oreported for the guppy was 133 ppm. The
bioconcentration factor in bluegill sunfish in a 28-day test was 8.9, indicating little tendency to
bioconcentrate in fish (NLM, 1990). NOAEL and LOAEL was reported as 90 mg/kg/day and
120 mg/kg/day, respectively (Adams et al., 1950).

+-
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ANTHRACENE
CAS NO. 120-12-7

Anthracen
Anthracin
Paranaphthalene
Green Oil
Tetra Olive R2G

~hemistrv and Uses:

Description: Anthracene is a clear, whke crystal with violet fluorescences

Uses: Anthracene is used in the preparation of aligarin dyes and anthraquinone. It is also used
in the manufacture of fast dyes and synthetic fibers.

E&w

Anthracene occurs in exhaust from motor vehicles, cigarettes, and cigar smoke. Atmospheric
emissions from coal, oil and wood burning stoves, furnaces, power plants, soot, and charcoal
broiled foods are common. Since anthracene releases are quite general and it has extensive
natural and anthropogenic sources, anthracene is ubiquitous in the environment. It is largely -
associated with particulate matter, soils, and sediments. In soils, it can be expected to adsorb
strongly to soil and will not be expected to leach to groundwater. It may, nevertheless,
evaporate from soil and other surfaces. If released to the atmosphere, the estimated vapor phase
half-life is 1.67 days, whereas in water an estimated range of half-lives of 4.3-5.9 days has been
predicted.

Human Health Effects

Anthracene exerts a phototoxic and photordlergic effect on human skin. It can cause acute
dermatitis with burning, itching, and edema. Skin damage also is associated with irritation of
the conjunctival and upper airways. Systemic effects of industrial anthracene include nausea, loss
of appetite, slow reactions, and adynamia. Prolonged effects include gastrointestinal
inflammation. Anthracene has not been classified as to human earcinogenicity (U.S. EPA,
1991).

Environmental Effects:

Anthracene may bioconcentrate in species which lack microsomal oxidase. BCF values for
goldfish and rainbow trout are 162 and 4400-9200, respectively (NLM, 1991). The whole fish
BCF according to Spacie et al., (1983) was reporkxt as 900.
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ZINC
CAS NO. 7440-66-6

SWSmMJW

Zn
Blue Powder
Jasad
Merrillite
Pascm
Pigment Black 16
VR 1383
VR 1436

Description: Zinc is a bluish-white, lustrous metaL Pure zinc powder, dust and fume is
relatively non-toxic to humans by inhalation. It is incompatible with chlorates, acids, oxidizers
and sodium hydroxide.

Uses: zinc is used as a protective mating for metals to prevent corrosion. It is also used as
purifying agent for soaps.

No information is available for environmental fate through the National Library of Medicine
database for zinc.

Human Health Effects

Humans can be exposed to zinc primarily through drinking water, and ingestion of food
containing zinc. Zhrc poisoning can occur with prolonged consumption of water from
galvanized pipes. Muscular stiffness and pain, loss of appetite, and nausea were reported among
individuals who drank water that contained 40 mg/L of zinc for an extended period of time.
Ingestion of apples stewed in galvanized iron vessels containing 7g zinc resulted in dizziness,
nausea, tightness in the throat, and in some cases diarrhea. Dermal exposure of 300 ~g/3 days
resulted in mild skin irritation (NLM, 1991).

Environmental Effects:

Bbconcsrtration factors (BCFS) in mollusks are extremely variable. The BCF in edible portions
of adult oysters Crassest ea vr ir~inia is 16,700, whereas in the soft shell clam Mav arenaria it
is 85 and in Mvt ilus edulis the BCF value is 500 (NLM, 1991). The LC~Ofor fish ranges from
430 to 9200, depending on the species (Barnthouse et al., 1986).
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COPPER
CAS NO. 7440-50-8

SYnQlww

ANAC 110
Bronze Powder
CDA 101
CDA 102
CDA 110
CDA 122
1721 Gold
Gold Bronze
Kafar Copper
Cu
Ranery Copper

Chemistrv and UseS

Description: Copper is a reddish, malleable metal that is naturally occurring in rocks, soil,
water, sediment, and air. It is insoluble and classified as a non-combustible solid.

Uses: Copper is an essential nutrient for all living organisms. It is most commonly used in
electrical wiring, water pipes, and the U.S. penny. Copper is also found as a bronze and brass .
alloy.

Copper is released to the atmosphere in the form of particulate matter or adsorbed to particulate
matter. It is removed by bulk and dry deposition, washout by rain, and rainout. Most copper
deposited in wil from the atmosphere, agricultural use, and solid waste and sludge disposrd will
be strongly adsorbed and remain in the soil. Much of copper discharged via water is in
particulate form and settles out, precipitates out, or adsorbs to organic matter, hydros iron and
manganese oxides, and clay in sediment or in the water column. Copper binds primarily to
organic matter in estuarine sediment.
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Human Health Effects

Copper has little or no toxicity, but inhalation of fumes and dust cars irritate the upper
respiratory tract causing congestion of mucous membranes, ulceration, and perforation of the
nasal septum. In severe cases, inhalation of fumes can cause nausea, gastric pain, dkwrhea, and
sometimes poisoning. Ingestion of high concentrations of copper ,can induce acute
gastrointestinal disturbance including vomiting, dimhea, stomach cramps, and nausea. Long-
term exposure to excessive amounts of mpper in food or water by young children can result in
liver damage and death. The LD~Oin mice has been found to be 3,500 pg/kg.

The bioconcentmtion factor (BCF) of copper in fish is 10-100, indicating a low level. the BCF
in mollusks is much Klgher and for oysters cars reach 30,000. Nevertheless, copper does not
appear to exhibit biomagnification in the food chain. The biomagnification ratio (concentration
of copper in fish to that in pdential food) was <1, indicating no biomagnification. Studies of
bioaccumulation in 10 mammalian species at various trophic levels reported similar findings.
In fish, the LC~Oranges from 75-470 pg/L during the adult Iifestage, depending on the species.
During early lifestage, rainbow trout were found to have a LC~Ovalue of 80 pg/L (Barnthouse,
1986).
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POLYCYCLIC AROMATIC HYDROCARBONS
CAS NOS. 50-32-8, 207-08-9 and 218-01-9

PAHS
Berm (a) anthracene
Berrzo (k) fluoranthene
Eenzo (a) pyrene
Chrysene
Fluorarrthene
Phenanthene

Chemistrv and Use$

Description: Polycyclic womatic hydrocarbons (PAHs) area group of chemicals, which in their
pure form, exist as colorless, white or pale yellow-green solids. They are formed during
incomplete combustion of coal, oil, garbage, or other organic substances. PAHS occur as
vapors or can be attachd to dust or other particles in the air.

Uses: Common sources of PAHS are vehicle exhaust, asphalt roads, coal tar, wildtires,
agricultural burning, cooked focds, grains, flour, meat, fruit, processed or pickled foods, and
beverages.

4

E&:

PAHs are ubiquitous throughout the environment and found in air, water, and soil. PAHs are
capable of short and long-term transport and are removed by wet and dry deposition; the relative
importance of each process varies with the individurd PAH being examined. In the atmosphere,
PAHs are present in the gaseous phase or sorbed to particulate. Atmospheric residence time
and transport distance we dependent on the size of the particle to which the PAH is sorbed.
Atmospheric half-life is generaUy less than 30 days (ATSDR, 1991).

Because of their low volubility, PAHs in aquatic systems are generally found sorbed to bottom
particles or suspended in the water column. PAHs are removed from the water column by
volatilization to the atmosphere, and subsequently binding to particulate or sediments. llrey
also can accumulate or sorb onto aquatic blots. Sorption of PAHs to soil and sediments
increases with increasing organic carbon content and is dependent on particle size. PAHs found
in groundwater may occur as a result of migration from contaminated surface waters or through
the soil.
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Certain PAHs may be carcinogenic to humans. Cancer associated with exposure to mixtures
contairskg PAHs occurred primarily in the lung and skin foIlowing inhalation and derrrral
exposure, respectively. Cancerous effects have generally not been observed in humans (with the
exception of adverse hematological and dermal effects) but have been found in animals. In
animals, PAHs tend to affect tissue such as bone marrow, lymphoid organs, gonads, and
intestinal epithelirsm. Major target organics in animals appear to be hematopoietic and lymphoid
systems.

No reports of death from exposure to PAHs have been made. Nevertheless, benzo(a) pyrene
has been found to be fatal to mice following ingestion. Adverse non-cancer respiratory effects
have not been reported in humans although inhalation is a significant route of exposure, and the
respiratory system appears to be a target for PAH-induced cancers. Therefore, it seems likely
that PAH-induced noncancerous effects may occur in humans as well. Rats administered 0.6
pg/L benzo(a)pyrene adsorbed on Ga203 particles as an aerosol and as an aerosol only, showed
20 percent deposition on the lung with the tracer and 10 percent as an aerosol after 30 minutes,
and over a 2-week period, the hydrocarbon was removed from the lung via mucociliary
clearance and absorbed. With the aerosol only it was removed and transported directly to the
blood. There was an increase in benzo(a)pyrene in the alimentmy tract, thus converting it to
the stomach, liver, and kidneys relative to the pure benzo(a)pyrene @ILM, 1991),

The skin is susceptible to PAH-induced toxicity in both humans and animals. Workers exposed
to PAHs experienced chronic dermatitis and hyperkeratosis. In animals, destruction of
sebaceous glands, skin ulcerations, hypcrplasia and hyperkeratosis, and alternations in epidermal
cell growth were found. Application of 2 percent crude coal tar to the skin of humans for 8
hour periods for 2 days resulted in absorption of PAHs. Phenanthrene, anthracene, pyrene, and
fluoranthene were detected in the blood but benzo(a)pyrene was not. Systemic absorption of
PAHs from the skin is variable among these compounds (ATSDR, 1991).

The testes and ovaries should be considered as susceptible to damage from PAHs. Scrotal
cancer was observed among chimney sweeps most likely from exposure to soot containing
PAHs. Women of childbearing age may be at increased risk to reproductive or ovarian
dysfunction from exposure to PAHs.

Some PAHs may also be genotixic, the most widely tested being benzo(a)pyrene.
Benzo(a)pyrene caused several types of genotoxic effezts during in vitrQ assays of human cells.
Chrysene and fluoranthene have also shown similar results. Synergistic and/or antagonistic
effects from combinations of PAHs, particularly in respect to carcinogenesis, may occur
(ATSDR, 1991).
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~vironmental Eff=ts:

hr surface water, PAHs can volatilize, photodegrade, oxidii, bicdegrade, bind to psrticulates, -
or accumulate in aquatic organisms, enter groundwater, and be hanspted through the aquifer.
Bioconcentration factors of 100-2,000 are typical for thk group of chemicals. In sdment and
wil, PAHs can bbdegrade and accumulate in aquatic organisms or plants, respectively.
Biomagnification has not been reported because of the tendency for many organisms to eliminate
these compounds rapidly.

PAHs in sediments can accumulate in bottom-dwelling invertebrates and fish. They can also
accumulate in terrestrird plants via roots or foliage. PAHs can accumulate in animals through
the food chain or by ingestion of soil.
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1,3,5-TRINITROBENZENE
CAS NO. 99-35-4

SYmYms:

BeMte
TRB
Trinitrobenzeen
Trinhrobenzene
Trinitrolbenzol
RCRA Waste # V234

ChemSe ad Usesi

Description: 1,3,5-Trinitrobenzene is a slightly yellowish crystal.

Uses: 1,3,5-Trinitrobenzene is used primarily in the manufacture of explosives. It is also used
to vulcanize natural rubber and as a pH indicator in the range of 12.0 -14.0

If released to the soil, 1,3,5-trinitrobenzene is expected to be moderately to highly mobile. It
has the potential to photolyze on soil surfaces (NLM, 1992). Water-bound 1,3,5-trinitrobenzene
may be subject to direct photolysis. Based on a extrapolated vapor pressure of 3.2 X 104 mm.
Hg at 20°C, 1,3,5-trisritrobenzcsre is expected to exist partly in the vapor phase and partly
adsorbed onto particulate matter in the atmosphere (NLM, 1992). A water volubility of 340
mg/L at 20”C suggesk that wet deposition may be a potential fate process.

Human Health Effectx

1,3,5-Trirsitrobenzepe may cause optic disorders. Chronic intoxication has been reported to
cause yellowing of the conjunctival. Routes of entry for human expasures are skin contact,
inhalation, and ingestion. Severe explosion hazards may develop when shocked or exposed to
heat. When heated to decomposition, highly toxic fumes of nitrous oxides may be produced.
It is incompatible and will react violently with reducing materials.

Environmental EffectS

Based on a log octanol/water partition coefficient of 1.18 and a water volubility of 340 mg/L at
20”C, bioconcentration factors of 5 and 23 have beers estimated. Adsorption coefficients of 104
and 178 suggest that 1,3,5-trinitrobenzerre has moderate to high soil mobility and exhibits low
adsorption to suspended solids and sediments (NLM, 1992).
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CHLOROFORM
CAS NO. 67-66-3

Formyl Trichloride
Methane Trichloride
Trichloromethane
NCI-C02686
R 20
ICM
VR 1888

Chem stry and Usesi

Description: Chloroform is a clear, colorless, and mobile liquid with a characteristic odor and
a sweet taste. It is slightly soluble in water (5 ml/L) and has a high vapor pressure (100 mg Hg
at 10.4 “C). Chloroform is nonflammable, but will bum on prolonged exposure to flame or high
temperature. It will decompose to form hydrochloric acid, phosgene, and chlorine upon contact
with flame.

Uses: Most of the chloroform manufactured in the United States (93 percent) is used to make
fluorocarbon-22 (ATSDR, 1989b). Chloroform is also used as a grain fumigan~ a chemical
intermediate for dyes and pesticides; and a solvent for pesticides, adhesives, oils and other ,+
compounds. It was previously used as a surgical anesthetic and as an ingrdlent in cough
syrups, toothpastes, and liniments, but the FDA has banned the use of chloroform in drugs,
cosmetics, and food packaging (FILM, 1989).

Eak2

Chloroform that is released to the atmosphere may be transported long distances before being
degraded by reaction with photochemically generated hydroxyl radicals. The half-life for thk
reaction is approximately 3 months. Removal of chloroform from the atmosphere in
precipitation may be significant; however, most of thk chloroform will reenter the atmosphere
through volatilization. Volatilization is the primary fate process for chloroform released to
water, with a half-life of 1-31 days. Chloroform released to the soil will either volatilize rapidly
or leach readily through the soil and enter the groundwater. Chloroform will adsorb strongly
to peat moss, less strongly to clay and limestone, and not at all to sand. Chloroform is
predcated to persist in the groundwater for relatively long periods of time (ATSDR, 1989b).
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Human Health Effects

Chloroform is absorbed readily through the lungs and intestines. The three principal target
organs of chloroform toxicity are the liver, kidneys, and central nervous system. Short-term
exposure to high concentrations of chloroform in the air cart cause fatigue, dizziness, and
headache. Other symptoms of chloroform exposure include respiratory ,depression, coma,
kidney and liver damage, and death. Rapid death is attributable to cardiac arrest, while delayed
death results from kidney or liver damage (ATSDR, 1989). Chloroform is classified as a
probable human mcinogen. It is considered highly fetotoxic, but not teratogenic (U.S. EPA,
1990). Two studies of rates exposed to chloroform at 25-30 ppm for 7 hours/day, 5 &yS/week
for 6 months resulted in no adverse organ conditions. Liver and kidney damage appeared at
exposure levels of 50 ppm (ACGIH, 1986). An oral LD~Ofor a rat and dog was reported at
2,180 mg/kg and 2,250 mg/kg, respectively (Larson, 1985).

Environmental Effccty

The bioconcentration factor of chloroform in four different fish species was found to be less than
10 times the concentration in ambient water, suggesting little tendency for chloroform to
bioccmcentrate in aquatic organisms. A 27day flow-through test showed an LC~Oin rainbow
trout of 2030 pg/L in soft water and 1,240 pg/L in hard water. Static 96-hour tests showed
LCj@ of 43,800 ~g/L for rainbow trout and 100,000 pg/L for bluegills (NLM, 1989). During
a 48-hour static bioassay, an LC~Ofor Dar)hnia m- was reported at 28,900 pg/L (U.S. EPA,
1980). The LOAEL value was listed as 15 mg/kg/&y (Converted to 12.9 mg/kg/day)
~eywood et al, 1979].._.-
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2,4,6—TRINITROTOLUENE
CAS NO. 118-96-7

S!mQnYm

2-Methyl-1 ,3,5-Trinitmbenzene
Entsufon
TNT
Alpha-TRT
TRT-tolite
Tolit
Tolite
2,4,6-Trinitrotolueen
Trinitrotoluene
NCI-C561 155

Description: 2,4,6-Trinitrotoluene is a colorless to light yellow crystat or flake. It is classified
as a highly explosive and combustible solid.

Uses: It is primarily used in the production of explosives.

EaE .-

The capability of microorganisms to biotransform 2,4,6-tinitrotoluene is well established.
Reduction rates under aerobic conditions are very slow. 2,4,6-Trinitrotoluene is not expected
to hydrolyze in soils or groundwater. Based on an average Koc of 1600, wil mobility is
expected to be low. Studies comparing river waters and distilled water have shown that the rate
of photolysis is directly related to increases in pH and organic matter content. The vapor
pressure of 1.99X 104 mm Hg at 20”C indicates that 2,4,6-trinitrotoluene exists almost entirely
in the vapor phase (NLM, 1992). At an atmospheric concentration of 5 X 10+5 hydroxyl
radicals per cm3, the atmospheric half-life is estimated to be approximately 110 days (NLM,
1992).

Human Health EffecQ

Exposure to 2,4,6-trinitrotoluene may cause irritation to the eyes, nose, and throat with
sneezing, cough, and sore throat. Skin contact may lead to severe dermatitis and may stain the
sldn and nails. Other symptoms include weakness, drowsiness, unconsciousness, muscular
pains, heart irregularities, and cataracts. Numerous fatalities have occurred due to toxic hepatitis
and anemia.
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Environmental Effec&

A biocmwentration factor of 11.5 was determined from an estimated oil/water partition
coefficient. Based on a water volubility of 130 ppm at 20”C, the BCI factor was estimated at
40 (NLM, 1992). Reported 48-hour LC~@include 11.7 mg/L for -n a ma.i na and 6.5 mg/L
for Hyabella az.ctia. A 96-hour bio-assay resulted in an LCWof 2.58 mg/L for fathead minnows
(NLM, 1992).

.
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2,4-DINITROTOLUENE
CAS NO. 121-14-2

l-Methyl-2,4-Dinitro Benzene
2,4-Dinitrotoluol
2,4-DNI

Description: 2,4-Dinitrotoluene is a yellow to red solid with a characteristic odor. It may be
in the form of a yellow liquid. Is classified as a combustible solid, but is difficult to ignite.
2,4-Dirritrotoluene is incompatible with strong oxidizers, caustics, and metals. Commercial
grades will decompose at 482 “F with self-sustaining decomposition at 536”F.

Uses: 2,4-Dinitrotoluene is used by the munitions industry as a modifier for smokeless powders.
It is also used as a plasticizer in moderate or explosives and in the manufacture of rubber
chemicals and plastic.

Ao estimated soil adsorption coefficient (IQ of 282 indicates the potential for slight mobility
in the soil (NLM, 1992). Photolysis is probably the most significant removal process of 2,4-
dinitrotoluene in water. Photolytic half-lives in rivers, bays, and pond waters were 2.7, 9.6,
and 3.7 hours, respectively (NLM, 1992). The measured log Kow value of 1.98 reflects that
2,4-dinitrotoluene has a slight tendency to adsob to sediments, suspended solids, and biota.

~uman Health Effecty

The effects from exposure to 2,4-dlnitrotoluene may include headaches, irritability, dizzinkss,
nausea, and unconsciousness. It is also noted to cause systemic intoxication (1’JLM,1992). the
onset of symptoms may be delayed. Repeated or prolonged exposure may cause anemia. Skin
absorption is the primary exposure route. Alcohol ingestion may lead to an increased
susceptibility.

Environmental Effec@

Reported 96-hour bioassay for fathead minnows resulted in LC~,’s of 24.3 mg/L and 31,000
mg/L, respectively (FILM, 1992).

.-
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ARSENIC
(CAS NO. 7440-38-2)

Arsenical
Arsen
Arsenic Black
Metallic arsenic
Arsenic-75
Arsenic, solid
Colloidal arsenic
UN 1558

and USW

Description: Arsenic is a silvery, gray, crystalline material with a very high melting point. It
is virtually insoluble in water and body fluids.

Uses: Arsenic is used in metallurgy for the hardening of copper, lead, and alloys. It is also
used in the manufacture of certain types of glass and in medical applications (Merck & Co.
1968).

?5-@
-

Releases to the environment Arsenic can enter aquatic media through wet and dry deposition,
runoff from soils and from industrial discharges. The major source of atmospheric arsenic is
coal combustion. The element enters soil from wet and dry precipitation of atmospheric arsenic,
runoff of surface waters, and disposal of arsenic containing waters. Arsenic in aquatic sediments
can become biologically available via methylation by bacteria (Lemo et al. 1983).

Soil: Arsenic occurs in soil predominantly in an an insoluble adsorbed form. Leaching of arsenic
is usually only important in the top 30 centimeters of soil. Arsenate dominates in aerobic soils,
while arsenate is predominant in slightly reduced soils. Arsine, methylated arsenic, and
elemental arsenic predominate in very reduced conditions.

Groundwate~ Soluble forms of arsenic travel with the groundwater mass with which they are
associated. Volatilization of methylated forms in groundwater is possible.

Surface Watec Arsenic released into surface water can undergo a mmplex pattern of
transformations, including oxidation-reduction reactions, Iigand exchange, biotransformation,
precipitation, and adsorption. This complexity results in extremely mobile behavior in aquatic
systems, with much of the arsenic entering rivers being transported to oceans. Sorption onto
clays, iron oxides, manganese compounds, and organic material is an importarrt fate of arsenic
in surface water, and sediment serves as a a reservoir for much of the arsenic entering surface
waters.
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Atmospheric Arsenic released into the atmosphere as a gas vapor or adsorbed to particulate
matter may be transported to other media via wet or dry deposition. Trivalent arsenic may
undergo oxidation in air. Most arsenic in air is adsorbed to particulate matter. Photolysis is not -
considered an important fate process for arsenic compounds.

Routes of Entry: The major routes of entry for human exposure to arsenic are through ingestion
and inhalation. Inorganic arseNc compounds are found to be almost completely absorbed by the
gastrointestinal tract but absorption of other complexes of arsenic vary from 40 to 90 percent.
Arsenic is poorly absorbed through the skin. Absorbed arsenic is promptly distributed in various
organs and is stored in the bones, skins, and keratizcd tissues. It tends to accumulate in the
liver, from which it is slowly released.

NonCarcinogenic Effects: Chronic intake of arsenic in humans is associated with skits disorders
and peripheral circulatory diseases. The concentrations of arsenic in drinking water, associated
with peripheral circulatory dkase, ranged from .001 to 1.82 mg/L.

Acute toxicity of the arsenic compound AszOJ varies from 8 to 500 mg/kg body weight
(Harrison 1958). LD50 values range from 15.1 to 23.6 mg/kg in solution and 145.2 to 214
mg/kg dry (non solution form) for the rat, and from 39.4 to 42.6 mg/kg for the mouse (Clayton
1981). Marked hemorrhaging of the gastrointestinal tract as well as fatty degeneration of liver
cells and cellular necrosis has been reported.

Carcinogenic Effects: U.S. EPA has classified arsenic as a human carcinogen. Thk is based “-
on observation of increased lung cancer mortality in populations exposed primarily through
inhalation arrd on increased skin cancer incidence in several populations consuming drinking
water with high arsenic concentrations.

J3nviron mental Eff~ts

Aquatic Toxicity: Acute toxicities for aquatic organisms tested with sodium arsenite showed
LD50 values of 1,044 and 812 pg/L for the water flem DarJhnia nmaena and simoceuhalus
Sem latus, respectively. Ranbow trout ($almo ~airdneri) and bluegills (Lepomi$ microc hirusj
had values of 13,340 and 41,760 pg/L, respectively. A 96-hour LC~Oof 21,200 pg/L for
bluegill is reported in the U.S. EPA Ambient Water Quality Criteria document. Sodium
arsenate produced values of 7,400 pg/L for cladocersII and 10,800 pg/L for rainbow trout.
Monodosium methane arsenate LCW values ranged from 506,000 to 1,403,000 pg/L for the
crayfish (l%scambam sp.) and the channel catfish (Ictalurus mnctatu$. Values for the fathead
minnow are reported to range from 14,900-82400 pg/L (NJ-M 1989). Barnthouse and Suter
(1986) reported chronic toxicity values of 2,130 (NOEC) and 4,300 (LOEC) pg/L for fatheads
with a MATC of 3,026 pg/L. Aquatic organisms acculumulate arsenic but do not biomagnify
it.

Terrestrial Toxicity: Plants may accumulate arsenic via root uptake from soil solution and
cerrtain species may accumulate substantial levels.
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IRON
(CAS NO. 7439-89-6)

Description: Iron is considered an essential human nutrient. No other information is available
from the National Library of Medicine Database.

Uses: No information on use is available from the National Library of M~icine Database.

Em?

Releases to the Environment No information is available on the environmental fate of iron in
the National Library of Medicine Database.

HU an Hedtm h Effects

Routes of Entry: Little information is available concerning the adverse health effects of
exposure to iron. Long-term inhalation exposure to iron caused mottling of the lungs, a
conditions known as siderosis. Metallic iron foreign bodies in the cornea cussed a “rust ring”
of yellow-brown staining, associated with irritation of the conjunctival (NLM 1991).

Environmental EffecM

No information is available on environmental effects of iron in the Nationat Library of Medicine
Database.

>
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SILVER
(CAS #7440-22-4)

Chemistrv and Uses-

Description: Silver is a rare element, which occurs naturally in its pure forqr as a white ductile
metal and in ores. It has an average abundance of about 0.1 ppm in the earth’s crust and about
0.3 ppm in soils. It also occurs in powdery white or dark-gray to black compounds.

uses: Silver is used for making jewelry, dental fillings, and electronic equipment.
Photographers use silver compounds to make photographs.

Silver is released into the air and water through natural processes such as weathering of rocks
and erosion of soils. Important sources of atmospheric silver from human activities include the
processing of ores, steel refining, cement manufacture, fossil fuel combustion, municipal waste
incineration, and cloud seeding. Photographic sources and releases from d@osrd of sewage
sludge are the major source of releases of silver into the environment. Silver remains stable in
the environment until it is removed by human activities.

Soil: Silver tends to form complexes with inorganic chemicals and humic substances in soils.
The transport and partitioning of silver in soils is influenced by the particular form of the
compound. The mobility of silver in soils is affected by drainage, pH conditions, and a number ‘“
of other factors. The enhanced ability of organic matter to immobilize silver is demonstrated
by increases in levels of silver found in peat and bog soils and in marshes. Since silver is toxic
to soil microorganisms and inhibits bacterial biodegrative enzymes, biotransformation is not
expected to be a significant process.

Groundwater: Leachatcs containing silver may enter groundwater when tailing ponds or piles
are situated in areas with high water tables or when abandoned mines or sections of mines
become saturated.

Surface Wate~ In fresh water, silver may form complex ions with chlorides, ammonium, and
sulfates. It may also become adsorbed onto humic complexes and suspended particulate and
become incorporated into or adsorbed onto aquatic biota.

M Silver is released into the atmosphere as an aerosol. Particulate of metallic silver emitted
from the burning of fossil fuels and municipal refuse are likely to become coated with silver
oxide, or other silver compounds. Fine particles tend to be transported long distances and are
deposited by deposition.
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Health F,ffm

Routes of Entry: Routes of entry for silver include ingestion, inhalation, and dermal. Usually,
silver enters the body through the ingestion of food or drinking of water that contains silver, or
through inhalation after breathing air that cmtains silver. It can also enter the body through the
dermal route when there is exposure to solutions or powders containing silver compounds.

NonCarcinogenic Effects: Exposure to dust containing relatively high levels of silver compounds
can cause breathing problems, lung and throat irritation, and stomach pain. Eating or breathhrg
silver compounds over a long period of time can also cause argyria, a skin condition whereby
the skin turns gray or blue-gray. Studies in rats show that swallowing water containing very
large amounts of silver (25890 ppm) can be life threatening.

U.S. EPA has developed a reference dose for silver (3E-3 mg/kg/day) based on the assumption
that thresholds exist for certain toxic effects such as cellular necrosis, but nay not exist for other
toxic effects such as carcinogenicity.

Carcinogenic Effects: U.S. EPA has not classified silver as a carcinogen.

EnvironmentM Effec&

Aquatic Toxicity: Silver accumulation in marine algae appears to result from adsorption rather
than uptake; bioconcentration factors of 13,000-16,000 have been reported. Bioconcentration
factors of 1,055-7,650 wet weight were estimated in mussel in salt water. The clam contained
silver at 32-133 pg/g. Silver from sewer sludge at an ~ disposal site was bioaccumulated
by scallop (PIaco-pecten mazeMwricu@. The estimated biological half-lives for the elimination
of bioaccumulated silver were 26.4 days for the Pacific oyster (Crassostrq @g@ and 149.1
days for the American oyster (C. virzinic~.

Terrestrial Toxicity: In pasture. plants growing in the vicinity of an airborne source of silver,
silver in leaves appears to be the result of deposition of airborne silver, while concentrations in
roots are from soit uptake.
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RDx
Hexahydro-l,3,5-trinitro-l ,3,5 -triazine
CAS NO. 121-82-4

Cyclonite
Cyclotrimethylenenitramine
Cyclotrimethylenetrinitramine
Cylrlonit
Esaidro-1 ,3,5-trinitro-l ,3,5-triazina
Helrsogen
Hexahydro-1,3 ,5-trinitro- 1,3,5-triazin
Hexahydro-1,3 ,5-trinitro- 1,3,5-tiazine
Hexahydro- 1,3 ,5-trinitro-s-triazine
Hexogeerr
Hexogen
Hexogen 5W
Hexolite
HexoMe, dry or containing, by weight, less than 15percent water
Ne triamine
1,3,5 -trinitrohexahydro-s-tiazine
1,3,6-trinitro- 1,3 ,5-triazacyclohexane
UN 0072
UN 0118
PBX(af) 108
PBXW 108(e)
RDx
T4
1,3,5-triazine, hexahydro-1 ,3,5 -ti1tro-
S-triazine, hexahydro-1,3,5-tiltro-
Tnmethyleentrinitramirre
Trimethylenetrinitrarnine
Sym-trimethylenetrinitramine
Ttiltrocyclotrimethyle

.

.-

Chemistrv and UseV

Description: RDX is a white crystalline powder, which is insoluble in water, alcohol, snd
benr.enq but is slightly soluble in ether, methanol, and toluene.

Uws: RDX is used as a high explosive, a detonator, and sometimes as a rat poison.
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Ew

. .
Releases to the environmerw RDX is released through demilitarization of antiquated munitions,
or during the manufacture or conversion to munitions. Routes of human exposure include
inhalation, ingestion, and dermal contact (skin and eye).

When released to soil, RDX is expected to exhibit moderate to high mobility in soils.
Bicdegra&tion, volatilization, and hydrolysis are not important processes in the fate of RDX.
Under proper conditions, anaerobic degradation is known to occur (FILM, 1992).

Direct photochemical degradation by sunlight occurs if RDX is released to water. The half-life
of RDX in translucent waters is on the order of a few weeka. For RDX, bioaccumulation in
aquatic organisms and volatilkation to the atmosphere should not be a significant fate process
(NLM, 1992).

RDX released to the atmosphere will undergo degradation by reaction with phokxhemieally
produced hydroxyl radicals. The vapor phase half-life can be estimated about 1.5 hours. Dired
photochemical degradation should also be important process (NLM, 1992).

Human Healt h Effects

Exposure to RDX occurs through inhalation, ingestion, and skin and eye contact. RDX is
slowly absorbed from the stomach and the lungs. Symptoms include headache, dizziness,
nausea, and intermittent stupor. Recovery was eventually complete. Human illness results from
repeated exposure via G.S. and respiratory tract. Dermatitis resultrxl from handling
intermediates of RDX.

Environmental Effects

The minimum LD~Ofor rats in a single dose of 4percent solution was 200 mg/kg. Toxicity
effects on survival at 4.9-6.3 mg/L during chronic exposure of fathead minnows.

Symptoms in animals ranged from twitching with mild hyperreflexia to severe convulsions.

The bioconcentration factor in bluegills was determined to be 24.8, suggesting that
bioaccumulation in aquatic organisms should not be an important fate process.

An LCWof 3.6 mg/L/96 hour in a static bioassy was reported for bluegills.
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2,6-DINITROTOLUENE
CAS NO. 606-20-2

sYnwt!w

2,6-DNT
Benzene, 2-methyl-1 ,3dlnitro

Chemistrv and Us

Description: 2,6-DNT is a yellow to red solid with a slight odor. It is soluble in alcohol.

Uses: 2,6-DNT is used as a geladrdzing and waterproofing agent in explosives. It also is used
in the synthesis of TNT, urethane polymers, foams, coatings, and dyes.

Releases to the Environment 2,6-DNT can enter the body by ingestion, inhalation of vapor,
and percutaneous absorption of liquid.

Soil: The calculated Kox 204 and an estimated log Kow of 1.72 indicate that 2,6-DNT is
slightly mobile in soil (NLM, 1992).

Groundwatec No information could be found on the mobility of 2,6-DNT in groundwater. .-

Surface Water: Photolysis may be the most significant removal mechanism for 2,6-DNT in
water. The estimated log Kow of 1.72 indicates that 2,6-DNT may sorb to sediments,
suspended solids and biota to a limited extent.

Atmosphere A computer estimated atmospheric half-life for 2,6-DNT is 8 hours (NLM, 1992).

~uman Health Effects:

Routes of Entry:

NonCarcinogenic Effects: The primary subacute toxic effects occur in the red cells, nervous
system, and tests @ILM, 1992). It is mutagenic in the Ames test. Reproductive effects were
observed in dogs, rats, arrd mice. A 4 mg/kg oral dose in the dog produced inhibited muscular
coordination, decreased appetite, and weight loss. It is a possible inductor of adverse
reproductive effects in humans.

Carcinogenic Effects: 2,6-DNT is a potent hepatocarcinogen in rats rmd is regarded by the
National Institute for Occupational Safety and Health as a potential human carcinogen.

----
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Bnvironmen tal EffecQ:

Aquatic Toxicity: A bioconmntration factor of 5225 was measured for the algal biomass in a
model waste stabilization pond.

Terrestrial Toxicity: No information could be found.
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THALLIUM
(CAS NO. 7440-28-0)

None

Description: Pure thallium is a soft, bluish-white heavy metal that is widely dkibuted in trace
amounts in the earth’s crust. It is odorless and tasteless. It can be found in pure form or mixed
with other metals in the form of alloys. Thallium exists in two states: thatlous and thatlic. The
thallous state is the more common and stable form.

Uses: Thallium is used in the manufacture of electronic devices, switches and closures. It also
has limited use in the manufacture of special glasses and for procedures that evatuate heart
disease. Until 1972, thallium was used as a rat poison, but was banned because of its potential
harm to man. Thallium is no longer produced in the United States.

Major releases of thallium to the environment are from processes such as coal burning and
smelting, in which thallium is a trace contaminant of the raw materials.

Thrdlium tends to be sorbed to soils and is relatively stable in the environment. It is not “-
biotransformed in the environment. Dkct soil releases are likely to be small, although
atmospheric thatlium pollution may contribute to soil contamination in the vicinity of thallium
emission sources. The atmospheric half-life of suspended thallium particles is unknown.

Thallium exists in water primarily as a monovalent ion (Thallium+) and may precipitate from
water as mineral solid phases. However, some thallium compounds are very soluble in water.
Thallium may partition from water to soils and se&ments. Furthermore, it can be absorbed by
micaceous clays in sediments.

Thallium is a nonvolatile heavy metal and if released to the atmosphere may exist as an oxide,
hydroxide, sulfate or as the sulfite T12S. It has been speculated that thallium sulfate will
partition into water vapor, thus precipitation may remove thallium from the atmosphere.

Human Health Effect$

Routes of Entry: Thallium may enter the body through ingestion of food and drinking of water,
and through inhalation of air containing thallium, or by dermal exposure during skin contact with
the metaL

Long term exposure to thallium can produce fatty infiltration and necrosis of the liver, nephritis,
gas~wnteritis, pulmonary edema, degenerative changes in the adrenals, degeneration of ._

peripheral and central nervous system, alopecia, and in some cases death. Loss of vision and
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other signs of poisoning have been related to industrial exposure. Temporary hair loss, vomiting,
and diarrhea can also occur. Thallium can be fatal from a dose as low as 1 gram.

No data are available on carcinogenic effects on humans or animals.

Env”r n~

TlmMum in surface water may be bioconcentratcd by aquatic organisms. Bioconcenmtion
factors (BCFS) of 18.2 for clams, 11.7 for mussels, and 27-1430 for atlantic salmon have been
reported (ATSDR 1990). The maximum BCF for bluegill sunfish was 34.

TlmIlium is absorbed by plants from soil and enters the terrestrial food chain. It has been
demonstrated that thallium could be absorbed from the rhizosphere by the roots of higher plants.
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MANGANESE
(CAS NO. 7439-96-5)

SYnQtuw

None

Che mistrv and UscS

Description: Manganese is a naturally occurring substance found in many types of rock. Pure
manganese is silver-colored, but it does not occur in the environment as a pure metal. It is
combined with other chemicals such as oxygen, sulfur, and chlorine (ATSDR 1990).

Uses: Manganese compounds are used in the production of batteries, as a component of some
ceramics, pesticides, and fertilizers and in nutritional supplements.

Releases to the Environment The primary sources of manganese releases to air are industrial
emissions, combustion of fossil fuels and reentrainment of manganese-containing soils. Air
erosion of dusts is also an important atmospheric source of manganese. Manganese is released
to water by discharge from industrial facilities, or as lcachate from landfills and soil. Land
disposal of manganese-containing wastes are the principaJ source of manganese releases to soil.

Soluble manganese compounds will adsorb to soil and sediments, but this is dependent on cation -
exchange capacity and organic imposition of soil; therefore, adsorption is highly variable. The
oxidation state of manganese may be altered by microbhl activity.

Concentrations of manganese in groundwater are similar to those in surface water (20-90 ~g/L),
although values ranging from 1300 to 9600 pg/L have been reported (ATSDR 1990).

The transport and partitioning of manganese in water is controlled by the volubility of the
specific chemical form present and a number of other variables. Divalent manganese
predominates in most waters. Manganese maybe transported in rivers as suspended sediments.
Manganese in water may be significantly bioconcentrated at lower trophic levels. ”

Elemental and most compounds of manganese have negligible vapor pressures; however, they
can exist in air as suspended particulate matter derived from industrial emissions or the erosion
of soils. The half-life of airborne particles is usually on the order of days, depending on the size
of the particle and atmospheric conditions. Removal by washout may also occur, but is less
important than dry deposition.

D-64



Jiuman HeaJth EffecM

.
Manganese may enter the body primarily through ingestion of food and water and through
inhalation.

Chronic manganese poisoning may occur and can result in manganism with central nervous
system effwts. Symptoms include languor, sleepiness, and weakness in the legs. Manganese
psychosis can occur as well. Inhalation of manganese compounds in aerosols or as dusts can
cause “metal fume fever. ”

Manganese maintains a Class D classification by U.S. EPA, as not classifiable as to human
Carcinogenicity.

Environmental Effec@

Bioconcentration factors of 2500-6300 have been estimated for phytoplankton, 300-5000 for
marine algae, 800-830 for intertidal mussels, and 35-930 for coastal fish. Studies indicate that
lower organisms such as algae have larger BCFS than higher organisms, which suggests that
biomagnitication of manganese in the food chain is not significant.

Manganese is oxidized by microorganisms in soils. Bacteria and microflora can increase the
mobility of manganese in coal-waste solids.
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HMx
CAS NO. 2691 -41-0

i%msums
beta HMx
cyclotetramethylenetetranitfamine
HW4
LX 14-0
Octafrydro-1 ,3,5,7-tetrardtro- 1,3,5,7-tetrazocine
Octogen
Oktogen
TetramethylenetetranitramirIe
1,3,5,7-tetrazocine, octahydro-1 ,3,5,7-tetrsnitro
UN 0226

Chem stry and Usi

Description: HMX is an explosive ~lynitramine. Information on the description of HMX was
limited (NLM, 1992).

Uses: HMX is used in the manufacture of explosives (FILM, 1992).

In river water, photolysis is the dominant transformation process. Poor light transmission in
lagoon waters inhibited photolysis. Condhions were not favorable in the river or LAAP lagoons
for biotransformation. HMX may be persistent in these environments with dilution being the
major factor in reducing HMX concentrations. Biotransformation occurred under aerobic and
anaerobic conditions in HMX wastcline water, but were not favorable in the river on LAAP
lagoon. Half-lives for photolytic transformation in the (Holston) river and the lagoon were 17
days and 7,900 days, respectively @LM, 1992).

Human Health Effe&x

Following a 13 week Fisher Rat study, a NOAEL of 50 mg/kg/day and a LOAEL of 150
mglkglday were determined. An RfD of 5E-2 mg/kg/day is established.

Dose-related reductions in weight gain were noted. Following histologic exams, hepatic lesions
and other changes were noted (NJ-M, 1992).

HMX is not classifiable as to human carcinogenicity. No human studies evaluating
earcinogenicity were found. No chronic bioassays evaluating carcinogenicity in animals were
found.
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Environmental Effects

HMX exhibits acute toxicity to aquatic organisms. Mutagenic activity was not exhibited using
the Ames test in Salmonella typhimunum. The 7-day old fry of the fathead minnow was acutely
affected, with an LCm of 15 mg/L/96-hour (NLM, 1992).
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BENZYL ALCOHOL
CAS NO. 100-51-6

s.mmw
(Hydroxymethyl) Benzene
Alpha-hydroxytoluene
Alpha-toluenol
Benzal alcohol
Benzene carbinol
Benzenemethanol
Hydroxytoluene
Phenyl-methanol
NCI-C06111

Phenolcarbinol ,
Phenyl carbinol
Phenylcarbiiol
Phenylmethanol

Phenylmethyl alcohol
Euxyl K 100

Benzylicium
Alcohol benzylique

Chem strv and Usewi

Description: Benzyl alcohol is a water-white liquid with a faint aromatic odor and a sharp
burning taste. It is somewhat soluble in water (NLM, 1992).

L!sss

Benzyl alcohol is used in the manufacture of other benzyl compounds. It is used as a solvent,
in perfumery and flavoring, in shellac, as a preservative in some medications, in cosmetics and ,_
other products (FILM, 1992).

Benzyl alcohol cccurs either free or as an ester in oils (i.e. jasmine, castoreum, etc.). It can
be released to the environment in the exhaust from gasoline and diesel engines, wastewater
emissions during manufacture and use, from leachate in landfills, and also in the use of
cosmetics and other products (NLM, 1992).

Exposure to benzyl alcohol occurs by inhalation and ingestion during production or use of
products containing benzyl alcohol (NLM, 1992).

If reka.sed to the soil, benzyl alcohol displays very high mobility and will readily leach through
soil. Microbial degradation may occur. Volatilization from dry soil may bean important fate
process, while in moist soils it is insignificant (NLM, 1992).

Benzyl alcohol is expected to undergo microbial degradation under aerobic and anaerobic
conditions. It is also biodegraded by biological sewage treatment. Based on Henry’s Law
Constant (3.9 X 107 atm m3/mol @ 25”C), volatilization should not be an important fate
process. The half-life from a model river 1 meter (m) deep, flowing at lm/sec with a wind
velocity of 3m/sec is 97 days (FILM, 1992).

.-
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Benzyl alcohol in the atmosphere is expected to exist almost entirely in the vapor phase. The
vapor phase reaction of benzl alcohol with photochemically produced hydroxyl radkals gives an
estimated half-life of 2 days. Benzyl alcohol may also undergo dissolution into clouds and be
removed from the atmosphere by prcc.ipitation (NLM, 1992).

Exposure to benzyl alcohol may occur by dernral contact, ingestion, and inhalation.

Ingestion of large volumes of benzyl alcohol results in vomiting, diarrhea, and CNS depression.
It can cause convulsions followed by paralysis of the respiratory center. It has been used as an
anesthetic for mirror surgery.

Rats were injected w/450 mg/kg of benzyl alcohol as 20 percent solution in oil for 10
treatments. The initial symptoms were weight depression, but no other pathologic signs of
toxicity were noticed (NLM, 1992).

Environmental Effects:

An LC~Oof 460 mg/L/96-hr was determined for the fathead minnow in a static bioassay in Lake
Superior at 18-22”C.

The LCjO for the bluegill Sunfish in a static bioassay at 23°C was 10 ppm/96 hr.

A bioconcentration factor of 4.0 is calculated and implies that bioconcentration in fish and
aquatic organisms will not be significant (NLM, 1992).
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1,2-DICHLOROBENZENE
CAS NO. 95-50-1

A13-00053
o-Dlchlorobenzene
Caswee No. 301
Cloroben
Dichlorobenzene, ortho, liquid
O-Dichlor Benzol
O-Dlchlorot!enzol
Dilantin DB
DowtAerm E

Orthodchlorobenrene
Ortho&chlorobenzol
NCI-C54944
EPA Pesticide Chemical Code 059401
Chloroben

Chemistrv and Uses:

Description: 1,2-Dichlorobenzene is a colorless liquid with a pleasant aromatic odor. It has a
vapor pressure of 1.47 mm Hg at 25”C.

uses: 1,2-Dichlorobenzene is used as a solvent for waxes, resins, tars, rubber, oils, asphalt,
etc., an insecticide for termites, a decreasing agent for metals, leather, etc., a magnetic coil
coolant, and as a component of rust-proofing mixtures (NLM, 1992).

EatG

1,2-Dichlorobenzene is not known to occur in nature. It is released to the environment as
discharge from wastewater deodorizing, and from manufacture and use as solvents. 1,2-DCB
is released to the atmosphere by solvent applications. Primary exposure to 1,2-DCB is by
inhalation, dermal contact, and ingestion of contaminated food and water (NLM, 1992).

1,2-DCB can moderately to tightly be absorbed to soil. Leaching can occur. Volatihzation may
bean impatant transport mechanism, but it may be lessened due to its absorption or leaching
potential. 1,2-DCB will slowly biodegrade in soil under aerobic conditions. Hydrolysis
oxidation or duect photolysis is not expected (NLM, 1992).

Adsorption to sediment is a major fate process. 1,2-DCB is volatile from water with an
estimated half-life of 4.4 hours. 1,2-DCB may bicdegrade in aerobic water, after microbial
adaptation, but will not blodegrade under anaerobic conditions which may exist in various
waters, etc. Bioaccumulation may bean important fate process based on detection of 1,2-DCB
in trout in Lake Ontario (NLM, 1992).

.-.
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1,2-DCB will exist in the atmosphere in the vapor phase. The half-life for the reaction of 1,2-
DCB with photochemically produced hydroxyl radkals is 24 days. Direct photolysis is not
expected to be important. Wash-out of 1,2-DCB may be a possible removal source from the
atmosphere (NLM, 1992).

Human Health Effects:

Routes of exposure are inhalation of contaminated air and dermal contact. Occupational
exposure will be through its manufacture and use as a chemical solvent. General exposure will
occur through consumption of drinking water or contaminated fish (NLM, 1992).

When 1,2-DCB is applied lccally, intense erythema and edema result. Vapors and sprays are
irritating to eyes, nose, and throat, but disappear quickly. If swallowed, pain in the stomach,
nausea, vomiting, and diarrhea will occur. The liver and kidney may be damaged.
Toxicological effects begin primarily with liver and, secondarily, the kidneys. Exposure to high
concentrations in short time periods result in CNS depression.

In rat studies, the maximum tolerated dose by gauge for 5 days/week for 28 wells is 19-190
mg/kg body wt./day. Neither teratogenic or fetotoxic effects were determined after inhalation
of 400 ppm. Oral exposure to 1,2-DCA resulted in degeneration and necrosis in the liver,
lymphocyte depletion in the spleen, etc. The NOAEL is 85.7 mg/kg/day (NLM < 1992).

1,2-DCB is Class D, not classitiably as to human csrcinogenicity. Animal (rats) data showed
evidence of positive and negative trends for carcinogenic responses.

Environmental Effec@

The LC~Oof 500 mg/L/96 hour was hazardous to the fathead minnow.

Bioconcentration factors of 66 (for bluegill sunfish) to 560 were determined.

Acute and chronic toxicity to freshwater aquatic life are at concentrations of 1,120 and 763
pg/L, respectively. Toxicity to saltwater aquatic life is as low as 1,970 pg/L.
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1,3-DICHLOROBENZENE
CAS NO. 541-73-1

m-Dlchlorobenzene Mets-Dlchlorobenzene
m-Dlchlorobenzol M-DCB
m-Phenylene Dichloride 1,3-DCB

Chem strv and U=i

Description: 1,3-Dichlorobcnzene is a colorless, combustible liquid. It has a vapor pressure
of 2.3 mm Hg at 25”C. 1,3-DCB is soluble in alcohol, ether, acetone and bensene and is
insoluble in water.

Uses: 1,3-Dichlorobenrene is used as a fumigant and an insecticide.

1,3-Dichlorobenzene does not occur in nature. The major source of release is chemical waste
dump Ieachate and direct chemical manufacturing effluents. As a fumigant is released to the
atmosphere and is also released as a chemical intermediate or solvent. Exposure to 1,3-DCB
occurs through inhalation of contaminated air or consumption of contaminated drinking water
and food. d

1,3-DCB can be moderately to tightly absorbed to soil. Leaching can occur and volatilization
may be an important transport process. 1,3-DCB will slowly biodegrade in aerobic conditions.
Hydrolysis, oxidation, or direct photolysis are not expected to occur. Based on the vapor
pressure (2.3 mm Hg@ 25”C), 1,3’DCB is expected to evaporate at a significant rate from dry
surfaces (NLM, 1992).

Adsorption to sediment is a major transport process. 1,3-DCB is volatile from water with an
estimated half-life of 4.1 hours from a model river. Adsorption to sediment will attenuate
volatilization. It may biodegrade in aerobic water after microbial degradation, but is not
expected to biodegrade in anaerobic conditions. BCF values of 89-740 confirmed a level of
bioaccumulation. Hydrolysis, oxidation, and direct photolysis are not expected to be important
(NLM, 1992).

1,3-DCB will exist in the vapor-phase in the atmosphere. The estimated half-life for 1,3-DCB
in reaction with photochemically produced hydroxyl radicrds is 14 days. Removal of 1,3-DCB
in the atmosphere is possible by wash-out.
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HMIISIIH~th EffecU:

General exposure to 1,3-DCB occurs through consumption of contaminated drinking water and
food (i.e., fish) in the vicinity of effluent discharges. Occupational exposure (inhalation and
dermal contact) occur during its manufacture or use.

Vapors and sprays are irritating to the eyes, nose and throat, but effects di~ppear quickly. If
SWdOWed, stomach pain, nausea, vomiting and diarrhea occur. Liver and kidney maY be
damaged.

1,3-DCB is not classifiable as to human carcinogenicity based on no human data, no animal &ta,
and limited genetic data.

Chronic toxicities for the 32-33 day embryo through juvenile fathead minnow estimated in ranges
between the highest and lowest NOAEL were 1,000 to 2,300 pg/L. Tissue concentrations for
NOAEL and LOAEL were 120-160 ~g/L. The LC~Ofor the fatbead juvenile minnow was 7800
pglL.

A bioconcentration factor of 89 was determined for the bluegill sunfish. The LC~Ofor tbe
bluegill sunfish and the fathead juvenile minnow are 5.02 and 12.7 mg/L/96 hour, respectively.
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1,4-DICHLOROBENZENE
CAS NO. 106-46-7

sMw.ww

1,4-Dichloorbenzeen
1,4-Dichlor-benzcd
1,4-Dichlorobenzene
p-Dichlorobenzene
Dichlorobenzene, para, solid
p-chlorophenyl chloride
p-Dichloorbenzeen (Dutch)
p-Dichlorobenzol
p-Dichlorobenzene (Italian)
PDB
Paradlchlorobenz-ene
Paradichlorobertzol
NCI-C54955
Caswell No. 632
A13-0050

EPA Pesticide Chemical Code 06/501
Paradlchlorobenzol
Paramoth
Di-chloricide
Paradi
Rersia - Perazol
Santochlor
Paradow
Evofa
Parazene

Chem strv and USGXi

Description: 1,4-Dichlorobenzene is a white solid (in the form of crystal prisms) with a sweet -
taste and a mothball-like odor. When expostxl to air, it becomes a vapor. 1,4-Dichlorobenzene
has a vapor pressure of 0.6 mm Hg at 20”C. It does not bum easily and is not soluble in water.

Uses: 1,4-Dichlorobenzene is used as a space deodorant for toilets, refuse containers and as a
fumigant for moth, mold, and mildew control. Some 1,4-Dlchlorobenzene was used in PPS
resins and as an intermediate in the production of other chemicals. It is also used in control of
certain tree-boring insects and mold in tobaccn seeds (NLM, 1992).

There are no known natural sources of 1,4-dichlorobenzene. Other releases are from the
manufacture or during the production of 1,4-dichlorobenzene. Concentrations have been found
in leachate from industrial and municipal wastes. Releases in soil are due to industrial waste
in landfills (NLM, 1992).

1,4-Dichlorobenzene can be moderately or tightly absorbed to soil. Leaching has been reported
to occur. Volatilization may be important; however, it may be attenuated by adsorption and
leaching. It slowly biodegrades under aerobic conditions (NLM, 1992).

1,4-Dichlorobenzene is volatile from water with a half-life of 4.3 hours. Volatilization is a
major removal process. Adsorption to srxiiment in water will attenuate volatilization. 1,4-
Dichlorobenzene may biodegrade in aerobic water after microbial adaptation. It is not expected ._
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to bbdegrade under anaerobic conditions. Experimental BCFS are < 1,(WI which suggests
bioconcentration will not occur (NLM, 1992).

HumanHealth Effecw

General population exposure is through oral consumption of drinking water and food
@’ticukidy fish). Exposure may also occur through inhalation of contaminated air.
occupational exposure mxrrs during the manufacture and use of 1,4dlchlorobenzene.

Solid particles, vapor, or fumes are painful to the eyes and nose. The vapor is paintid to most
people at ccmcenhations of 50 and 80 ppm; discomfort is severe at 160 ppm. Above 160 ppm,
vapors are intolerable. Prolonged exposure may cause weakness, dtiess, weight loss, and
liver damage (FILM, 1992).

1,4-Dictdorobenzene may be absorbed through the lungs, gastrointestinal tract, and the skin.

In rats, exposure 5 days/week, 4 hourshlay from few to 69 times, at 798 ppm caused tremors,
weakness, loss of weight, eye irritation, and swelliig of epitheliums in kidneys. The NOAEL
of 18.8 was observed in rats after 6 months exposure 5 days/week. The LOAEL is 188 and 376
for hepatic and renal affects, respectively. An LDWin male adult rats was 3863 mg/kg, and in
females the LCW was 3790 mg/kg (NLM, 1992).

No data were available on the carcinogenicity in humans. An inhalation study in rats did not
result in canccq however, a 2-year ~ studied resulted in renal cancer and a 2-year study in
mice resulted in liver cancer (ASTDR, 1992).

Environmental Effects

Acute and chronic toxicity to freshwater aquatic life are at concentrations of 1,120 and 763
pg/L, respectively. Acute toxicity to saltwater organisms is 1,970 ~g/L.

A bioconcentmtion factor of 60 was deterrninqd for bluegill sunfish in a 28-&y continuous flow
system. In a 4-day static test the bioccmcentration factor. for rainbow trout was 214.

In LCWfor the fathead minnow is 33.7 mg/L/96 hour.
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2,4-DIMETHYPHENOL
CAS NO. 105-67-9

sYnm!ms

l-Hydroxy-2,4-Dimethylbenzene
2,4-Xylenol
4,6-Dimethylphenol
4-Hydroxy-l ,3-Dimethylbenzeste
2,4-Dlmethyl-l-Hydroxy-Benzene
m-Xylenol
As-m-Xylenol
Caswell No 907A
EPA Pesticide Chemical Code 086804
A13-17612
Bulk Lysol Brand Disinfectant
Brand Lysol Dkinfectant
Bacticin
Gallex
Du Cor Concentrated Fly Insecticide
Gable - Tite Dar Creosote (Creota)
Gable - Tlte Light Creosote

try and USCY d

Description: 2,4-Dimethylphenol is a white, crystalline solid. It is very soluble in most
organics and only slightly soluble in water. It has a vapor pressure of 0.098 mmHg at 25”C.

Uses: 2,4-Dimethylphenol is used as a disinfectant, bactenocidelgermicide, sanitizer, and
fungicide. It is also used in solvents, pharmaceuticals; plasticizers; rubber chemicals; additives
to lubricants and gasolines (FILM, 1992).

2,4-Dimethylphenol exists as a naturally Occurnng constituents of some plants such as tea,
tobacco, marijuana, and the Siberian pine. It may also be emitted as fugitive emissions and in
wastewatcr during coal processing and coal tar refining. It is also released in asphalt and
roadway runoff and in domestic sewage. Exposure to 2,4-dimethylphenol is primarily by dermal
contact (NLM, 1992).

If spilled on soil, 2,4dimethylphenol would absorb moderately to soil, based on a KOC of 425.
Degradation occurred in 4 days in a hard, carbonaceous woody chemozem loam at 19°C (NJ-M,
1992).

2,4-Dimethylphenol may absorb moderately to sediment and will readily biodegrade. The half-
life should be less than several days in humic water due to photooxidation. Photolysis may .
occur in clear surface waters. Anaerobic degradation in sewage sludge digestion occurred in
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groundwatcr. 2,4-Dimethylphenol has an absorption band which extends >320 nm and is a
candidate for photolysis. It will react with hydroxyl radicals with an estimated reaction half-life
of 8 hours. VolatilkNion is not a significant tra.mport process (FILM, 1992).

Vapor phase 2,4-dimethylphenol should degrade by reaction with photochemically produced
hydroxyl radicals. Scavenging by rain will be an effective removal process reflected by high
cmccntrations in rain water (NLM, 1992).

Humiwkkdth Eff~

The primary route of entry is dermal, by occupational. General public exposure is by use of
commercial products containing 2,4dimethy1phenol (NLM, 1992).

2,4-Dimethylphenol is toxic by ingestion and skin absorption. Critical effects include lithargy,
prostration, ataxia, and hematological changes. An oral reference dose of 2E-2 mg/kg/day was
determined. The NOAEL and LOAEL was 50 and 250 mg/Kg/day, respectively.

Llmitcd data on the effects of 2,4-dimethylphenol were found.

Dimethylphenol isomers produced necrosis when applied in a molten state to rat skin. 2,4-
Dimethylphenol was lethal with an LDJOof 1,040 mg/kg (NLM, 1992).

2,4-Dimethylphenol appears to be a topical carcinogen, but its role as a primary cancer-
producing agent is uncertain. A loperce.nt application of 2,4-dimethylphenol was applied (with
no initiator) to mice for 20 weeks. The result was 3 Ipercent developed papillomas and no
carcinomas were observed, but after 24 weeks 12perccnt developed carcinomas @LM, 1992).

Environmental Effcct~

The bioconcentration factor of bluegill sunfish was 150 with a duration of 28 days. Based on
this factor, 2,4-dimethylphenol has the possibility to bioaccumulate. The dermal LD~Ofor rats
is 1,040 mg/kg. The LC~Ofor the fathead minnow is 17 mg/L in a 96-hour flow through
bioassay.
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PHENOL
CAS NO. 108-95-2

Acide Carbolique (French)
EIenzenol
Carbolic Acid
Carbolsaure (German)
Fenol (Dutch, Polish)
Fenolo (Italian)
Hydroxybenzene
Monohydroxybenzene
Monophenol
NCI-C50124
Oxybenzene
Phenic Acid
Phenole (German)
Phenyl Alcohol
Phenyl Hydrate
Phenyl Hydroxide
Phenylic Acid
Phenylic Alcohol
Id
Caswell #649

Chemsky andUsesLi

Description: Phenol is a colorless to light pink, interlaced or needle-shaped crystal or a light
pink crystalline mass. When pure, it is devoid of odor of cresol, but retains a dk.tinct aromatic
odor which is not dkagreeable. Phenol has a sharp burning taste and when in weak solution it
has a sweet taste (NLM, 1992). “

Uses: Phenol is used as a general dkinfectant in solution or mixed with slaked lime for toilets,
stables, cesspools, floors, drains. It also used in the manufacture of colorless or light-colored
artificial resins, many medical and industrial organic compounds and dyes, and is a reagent in
chemical analysis (NLM, 1992).

Eak2

If phenol is released to soil, it will biodegrade in the soil and thk degra&tion will be rapid (2-5
&ys) and will also occur in subsurface soils. Degradation will be much slower under anaerobic
subsurface conditions. Despite its high volubility and poor absorption irr soil, biodegradation is
sufficiently w rapid that most groundwater is generally free of thk pollutant. If released to
water, the primary removal process of it will be biodegradation, which will generally be rapid,
although degradation rates are slower under anaerobic conditions. .—
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If released to the atmosphere, phenol will exist predominantly in the vapor phase. Phenol
absorbs light in the region, 290-330 nm, and there might directly photodegrade. Estimated half-
life by reaction with hydroxyl radicals in air is 0.61 days (NLM, 1992).

Human Health Effects;

- The U.S. EPA established RfD for Phenol is 6E-1 mg/kg/day. Phenol is classified as D; not
classifiable as to humarr carcinogenicity. The NOAEL and LOAEL is 60 and 120 mg/kg/day,
respwtively (NLM, 1992).

Both oral ingestion and extensive application to the skin can cause systemic toxicity manifested
as transient CNS stimulation followed by CNS and cardiovascular depression; death may result.
Ingestion of 1 gram of phenol is lethal in man. Chronic systemic absorption of phenol has been
observed to cause gray coloration of the sclera with brown spots near insertion of reztus muscle
tendons, associated with blue or brown discoloration of tendons over knuckles or hands. ‘Ilk
is a form of ochronosis, rdso known as csrbolochronosis (NLM, 1992).

Symptoms of toxicity after ingestion include burning pain in mouth and throat, lesions in mouth,
esophagus, and stomach. Abdominal pain, vomiting and bloody diarrhea, pallor, sweating,
weakness, headache, dizziness, tinnitus, shock, weak irregular pulse, hypotension, shallow
respirations, cyanosis, and profound fall in body temperature also are known to occur. Death
from respiratory circulatory or cardiac failure may occur. If spilled on skin, pain is followed
by numbness. The skin becomes bkmchcd, and a dry opaque eschar forms over the bum.
Phenol is toxic if absorbed and may result in death even if the exposed area is as small as that

.
of a hand or forearm. Oral ingestion casr result in mucocutancous and gastrointestinal corrosion.
Death can also occur from dermal application of phenol (NLM, 1992).

Fatal neonatal hyperbilirubinemia from inhalation of phenolic vapors has occurred in poorly
ventilated nurseries. On human eyes, phenol renders the conjunctiva chemotic, and the comca
white and hypesthetic. Sometimes blindness and loss of the eye can occur (NLM, 1992).

Errvironmen tal Effects:

Phenol does not significantly bioconcentrate in aquatic orga$ms. Nevertheless, it is toxic to
fish and has a nearly unique quality of tainting the taste of fish if present in the marine
environment. The LD50 for phenol is .53, 0.1, and 0.5 g/kg for the rat, cat and dog,
respectively. TDLo for minnows is 30 minutes, while the LC50S for golden shiner and goldfish
were 35-129 and 60-200 mg/L in a static bioassay (FILM, 1992).
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2-METHYL-4,6-DINITROPHENOL
CAS NO. 534-52-1

SYmum

4,6-DINITRO-O-CRESOL
2,4-DINTI’RO-O-CRESOL
3,5-DINITRO-2-HYDROXYTOLUENE
4,6-DIMTRO-O-CRESOLO @slisn)
4,6-DINTTRO-O-KRESOL (Czech)
6-METHYL2,4-DINITROCRESOL
DINITRO-O-CRESOL
DINITROCRESOL
DINOC
DNOC
DNOK (Czech)
DWUNITRO-O-KRESOL (Polish)
LE DINITROCRESOL-4,6 (French)
TOLUENE, 3,5-DINITRO-2-HYDROXY-
o-cresol, 4,6dinitro-
ELGETOL
ANTINONIN
CHEMSECT DNOC
DEKRYSIL
DETAL
DINITROL
EFFUSAN 3346
ELGETOL 30
K III
K IV
SELINON
DHWTROSOL
Dmo
NITRADOR
SINOX
TRIFOCIDE
TRIFRINA
ANTINNONIN
ARBOROL
CAPSINE
DEGRASSAN
DILLEX
DmODENDTROXAL
DINURANIA
DN
ELIPOL
ENT 154
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EXTRAR
HEDOLIT

.—
KREOzAN
KREZOTOL
SANDOLIN
NITROFAN
PROKARBOL
RAFEX
RAFEX 5
RAPHALOX
SANDOLIN
sINox
WINTERWASH

Chemistrv and UseS

Description: 2-Methyl-4,6-dinitrophenol is an odorless yellow solid, which is slightly soluble
in water, soluble in alcohol, acetone and ether.

Uses: 2-Methyl-4,6-dinitrophenol is a contact herbicide used for the control of broad lewd
weeds. It is also used as a contact insecticide and a dormant spray insecticide, especially for
fruit trees or on waste ground, to kill locusts and other insects.

~
\

2-Methyl-4,6-dinitrophenol usually disappears from soil witiln a few weeks to 2 months when
applied at normal pesticidal rates. Biodegradation is probably the main removal process from
agricultural soils. It has medium to low soil mobility, with the greatest mobility expected in
coarse-textured sandy soils asrd the least mobility in fine textured clay and organic soils. Aquatic
hydrolsis, volatilization, bioeonccntration, and adsorption to sediments are not expected to be
important fate processes. Direct photolysis may occur since it absorbs light in the
environmentally important range. The hatf-life for photooxidation via peroxy radicals has been
estimated to be 58 days. 2-Methyl-4,6-dinitrophenol may exist in both the vapor phase and
adsorbed to the particulate phase in the atmosphere. In the vapor phase, 2-methyl-4,6-
dinitrophenol will react photochemieally with photochemically produced hydroxyl radicals at an
estimated half-life rate of 8 hours. Particulate phase 2-methyl-4,6-dinitrophenol will be
susceptible to wet and dry deposition. Wet deposition is not expected to be important.
Terrestrial, microbial, and photoehemical decomposition; volatilization; movement; organism
uptake; and adsorption are the principal factors affecting the fate and behavior of pesticides in
soil and water systems (NLM, 1992).
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J-Man Health Effects:

Acute poisoning in man from derrnal skin absorption, oral ingestion, or from inhalation of -
aerosols includes nausea, gastric upset, restlessness, sensation of heat, flushed skin, sweating,
mpid respiration, tachycardia, fever, cyanosis, and finally collapse and coma. Chronic exposure
to thk chemical may also produce fatigue, restlessness, excessive sweating, ,unusual thirst, and
loss of weight. A yellow stainhrg of the conjunctival has been noted and cataract formation is
another possible sequels of chronic exposure. It is possible for glaucoma to develop secondary
to the cataracts. Death may result from either slow or acute poisoning (NLM, 1992).

No information is available from U.S. EPA on the characterization of 2-methyl-4,6-dinitrophenol
as a carcinogen, nor have any Reference Doses or Slope Factors been determined.

The BCF estimated for 2-methyl-4,6-dinitrophenol is 52 and 40, based on regression-derived
equations. It has been suggested that 4,-6-dinitro-o-cresol may not bioaccumulate because of its
marked toxicity.

The LD~Ofor 5-7 month old mallards from an oral dose was 22.7 mg/kg. An EC$Oof 145
pg/L/48 hour was determined for first instars of Dauhnia Dub. LC~Osof 1100, 320, 360 and
66 pg/L/96 hour were found for the scud (@mmams fascia@, Ptemo arcVI, bluegill ~
@roloDhu& and rainbow trout _ gairdneri), respectively (NL~, 1992).
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NTTRATE
CAS NO. 14797-55-8

SYIMIYm:

Collo+lo
Krdii Nitsas
Kaliumnitrat
Niter
Nitrate of Potash
Nitre

Nitric Acid Potassium Salt ,
Saltpeter

~= and Uses:

Description: Nitrate is an odorless, white, granular or crystalline powder with a cooling, saline
pungent taste. It is slightly soluble in water and is insoluble in ether (NLM, 1992).

Uses: Nh-ate is used in tireworks; fluxes; pickling of meat; manufacture of glass, matches,
blasting and gun powder. It is aso used as a fertilizer and medically as a diuretic (NL.M, 1992).

Nitrate is present in well water contaminated by mnoff from nitrogen fertilizers, decaying
matter, or sewage treatment plants. No data were found on the fate, biodegradation, or

\ transformation processes of nitrate (NLM, 1992).

HumanHealth Effect~:

The main route of exposure for nitrate is by ingestion. Nitrate is most rapidly absorbed and
excreted unchanged. In some instances, if not absorbed, nitrate is reduced to nitrite in saliva.
Excretion is primarily through the kidney.

Ingestion of large quantities may cause violent gastroenteritis, while prolonged exposure to small
amounts may produce anemia, methhemoglobinemia, and nephritis. Symptoms from nihte
exposure include: fall in blood pressure, a roaring sound in ears, headaches, and visual
distrubances, nausea and vomiting, followed by collapse, coma and clonic convulsions. Death
may result due to circulatory failure. The lethal dose for an adult ranges from 54 to 462 mg/kg
(NLM, 1992).

Acute toxicity is a result of the reduction of nitrate, which occurs in the stomach and saliva.
Nh-ite oxidizes hemoglobin to methhemoglobin which is not an oxygen carrier to the tissues,
arsoxia and death may occur. The toxic dose varies greatly; 15 to 30 grams may be fatal, but
larger doses have been taken without serious effect (NLM, 1992).

In animals, after nitrate ingestion, abdominal pain and diarrhea are seen, along with muscular
weakness, convulsions, increased heart rate, and in severe cases, progressive cyanosis, leading

D-83



to coma and death. In experimental horses, an oral dose of 1,000 mg/kg of body weight caused
illness, not death.

The NOAEL and LOAEL are 1.6 mg/kg/day and 1.8 -3.2 mg/kg/day, respectively. An oral
reference dose of 1.6 + O mg/kg/day has been established. A reporoductive/developmental
NOAEL of 41 mg/kg/day for rats and rabbits was identified (NLM, 1992).<

No &ta were available on human carcinogenicity (NLM, 1992).

Data on the aquatic toxicity of nitrate were not found, and only limited data on terrestrial
animals were found.

The acute oral LD~Ois 1000 mg/kg in sheep. The oral LD~Oof 1.166 g aniordkg for rabbits
(NLM, 1992).
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FLUORIDE
CAS NO. 16984-48-8

SYmn!mM

Alcoa Sodium Fluoride
Antibulit
Cavi-Trol
Credo
Dkodkrn Difiduonde
F1-Tabs
FDA 0101
Floridirre
Floroeid
Flozenges
Fluor-O-Kote
Fluoraday
Fluorid Sodny (Czech)
Fluorident
Fluongard
Fluorineed
FluoMse
Fluoritab
Fluorol

. Fluorure De Sodium (French)

Flura Drops
Flucare
Flursol
Frmrgol B
Gleem
Iradkave
Karidium
Umoflur
Luride
Nafpak
Natrium Fluoride
NCI-C55221

Ossalin
Ossin
Pergantene

Phos-Fluor
Roach Salt
Sodium Fluoride Cyclic Dimer
Sodium Fluorure
Sodium Hydrofluoride
Sodium Monofluoride
T-Fluoride
Thera-Flur
Thera-flur-N
Trisodium Tnfluoride
Villiamite
Zymafluor
Chemifluor
Luride SF
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Chemistrv and Uses

Description: Fluoride is a white crystalline powder with a salty taste. It is soluble in water and -
only slightly soluble in alcohol.

US Fluoride is used in electroplating; for disinfection in breweries and distillery apparatus;
in dental labs; as a fungicide, rodenticide, and glass manufacture~ as a fluoridation agent in
drinking water; and in other prccesses. It is also used orally to increase bone density and relieve
bone pain in various bone diseases (NLM, 1992).

Eiw

The natural concentration of fluoride in groundwater depnds on numerous factors. It ranks
thiinth in order of abundance in the earth’s crust. Fluoride rarely occurs’ in the elementary
sta@ instead it is found in the ionic form or as a variety of organic smd inorganic fluorides. It
is produced from factories, processing fluorine containing ores. Exposure to fluoride occur
through inhalation of dust and ingestion of contaminated drinking water (NLM, 1992).

The naturat concentration of fluoride in groundwater is dependent on the geology, chemical and
physical characteristics of the water-supply area, the consistency of soil, porosity of rocks, the
pH, temperature, and the action of other elements (NLM, 1992).

_ Health Effects:

Routes of exposure to fluoride include inhalation, ingestion, and dermal contact. Fluorides are -
absorbed through the gastrointestinal tract, the lungs and skin contact, with the gastrointestinal
tract being the major site of absorption. Fluoride is almost 100percent absorbed through the
stomach and small intestine. Following ingestion of fluoride, 97percent is absorbed and
distributed throughout the body by the blood. Excessive exposure to fluoride will result in
retention in the bone (FILM, 1992).

Irritation of the skin, eyes, and respiratory tract occurs from dust and inhalation. Ingestion of
fluoride causes a salty taste, sahvation, and nausea. Large doses lead to burning and crampy
abdominrd pain, vomiting and diarrhea, dehydration and thirst, CNS depression, shock, then
arrythmia, which leads to cardiac arrest (FJLM, 1992).

Acute poisoning may result in death by respiratory paralysis. In the use of oral fluoride
supplements in the prevention of tooth decay showed no adverse effects unless huge amounts are
ingested. The lethal dose for a 70 kg man has been cited with a range of 5 to 10 grams (NLM,
1992).

Chronic ingestion of excessive amounts of fluoride results in osteosclerosis and mottled enamel,
increased density and clarification of bone. When administered at 6 mg/day, fluorosis resulted.
Symptoms include brittleness of bone, weight loss, anemia, and general ill health (NLM, 1992).

Symptoms of acute poisoning in snimals include: hemorrhages, congestion and edema in various _
organs, muscle tremors, weakness, salivation, convulsions, coma, and death due to respiratory
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and cardiac failure. Chronic poisoning results in lameness, painful gait, anorexia, rough coat,
etc., mottling and loss of teeth. Following IV administration of 35 mg/kg body weight in rats,

%. calcium contents in the renal cortex and medulla increased 33 and 10 times, respectively.

Fish exposed to poisonous amounts of fluoride experience loss of weight, apathy, violent
movement, loss of equilibrium, and finally death.

Carcirsogenicity in humans is not classifiable based on limited data. In groups of mice (2-9
months old) that were given 10.0 mg/L of fluoride, 63percent died of mammary gland
carcinomas (NLM, 1992).

~nvironmental F,ffect~

The LDN for rats administered orally, intravenously, and irstraperitoneally is 32.0 mg/kg, 11.8
mg/kg, and 24 mg/kg, respectively (NLM, 1992).

.
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PCB 1262
CAS NO. 37324-23-5

SYnQww

Chlorinated diphenyl
PCB
Aroclor 1262
Caswell No. 672A
EPA Pesticide Chemical Code 017801

and Uses:

Limited information on the specific PCB 1262 was found. The following proffie details PCB
as a group.

Description: PCB 1262 is a polychlorinated biphenyl mixture with 61.5-62 .5percent chlorine.
It is a sticky resin with little to no odor. Volubility in water is extremely low (ASTDR, 1992).

Uses: PCB is not naturally Occurnng in nature. It is prcduced and restricted to use in non-
totdly enclosed manner in hydraulic systems, in microscopy as mounting medium and in small
quantities for research and development (as enzyme inducers) (NLM, 1992).

PCBS (Aroclors) are no longer produced or used in the manufacture of new products. Releases
to the air occur in the redistribution of mmpounds already present in soil and water. They are
also released from transformers and capacitors found in disposal sites, incineration of PCB-
containing wastes, and illegal or improper disposal of PCB. In surface water, PCB is released
during the environmental cycling process. In soil, the deposition of atmospheric PCB from the
environmental cycling process is the major source of PCB in the soil (ASTDR, 1992). Exposure
to PCB is through ingestion of food and water, along with inhalation of contaminated air.
Dermal exposure is a likely route for workers handling PCB-containing equipment (NLM,
1992).

PCB in soil is resistant to biodegradation, atthough this is the ultimate degradation process. The
low water solubilky and high octanol-water partition coefficients demonstrate strong absorption
to soil and sediment and indicate that leaching should not occur under most conditions (ASTDR,
1992). In the presence of organic solvents, PCB will leach quite significantly in soil.
Volatilization rates in soils will be low for areas with high chlorination. The half-life for the
more highly chlorinated PCBS is >60- >150 years, taking into account environmental fate
mechanisms (NLM, 1992).

PCBS in the atmosphere occur primarily in the vapor-phase state. The tendency of PCBS to
absorb to airborne particulate will increase as the degree of chlorination increases. Physical
removal of PCB in the atmosphere is accomplished by wet and dry deposition. These emissions -
may be transported long distances from their sources. The dominant transformation process may
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be the photochemical reaction of PCB with the hydroxyl radical. A half-life ranges from 12.9
days (monochlorobiphenyl) to 1.31 years (heptachlorobiphenyl) m, 1992].

In water, absorption to sediment and organic matter is the major fate process for PCBS.
Concentrations in sediment are greater than in the water column, indk.sting that sediments act
as a reservoir from which PCBS may be released slowly over a long period of time.
Redkribution from aquatic sediments will be significant for PCBS in the top layers of sediments.

Volatibzdion of PCBS is an important transport process. Adsorption to sediments will decrease
volatilization rate. Even though the volatilization is low, the total loss over time may be
significant due to the persistence and stabfity of PCBS. Aquatic hydrolysis and oxidation are
not significant processes for PCBS irr the aquatic environment (NLM, 1992).

PCBS arc highly Iipophilic and bbmrcentrate in tissue. The bioconcentration factor of fat in
humans is 175 (wet weight basis). BCFS in fish, shrimp, and oysters range from 26,000 to
660,000. For the fathed minnow, BCFS range from 43,000-200,000. The BCF in aquatic
animals may depend on the water zone where they reside. Due to airborne PCBS, the surface
Layerscontain higher concentrations of PCBS. Since concentrations in sediments are also higher
than water, bottom feeders will have higher concentrations of PCB. Evidence. that PCB will
biomagnify in the food chain is indicated by the levels in higher tropic levels in aquatic
organisms and in fish-consuming birds and seals (ASTDR, 1992).

Human Health Effecty

.
Environmental contamination may be a significant source of human exposure. Likely routes of
entry are ingestion through water and food, while inhalation and dermal contact are significant
in occupational exposures. Exposure through consumption of contaminated fish may be
important.

PCBS are readily absorbed through the gastrointestinal tract, respiratory system, and the skin.
They may initially concentrate in the liver, blood and muscle, while long-term storage in
mammals is in adipose tissue and skin. PCBS are readily metabolized and are excreted in urine
and bile. Urine excretion is most prominent for least chlorinated, while bile is a significant
route for highly chlorinated PCBS. Highly chlorinated PCBS accumulate almost indefinitely.
Excretion also occurs through breast milk and through the placenta (NLM, 1992).

Symptoms associated with exposure to PCBS are abdominal pain, anorexia, nausea, vomiting,
jaundice and in rare cases, coma and death. Neurological symptoms include headaches,
dizziness, depression, nervousness, fatigue, weight loss, muscle, and joint pain. Responses from
occupational exposure to PCBS include chloracne, hypcrpigmentation of skin, conjunctivitis,
subcutaneous edema, edema of the eyelids, decrease in red blood cells, discoloration of
fingernails, and thickening of the skin. PCB are liver toxins and may cause peripheral
neuropathy in man.

A correlation between occupationally exposed mothers and PCB levels in breast milk was
determined. Nursing infants had blood PCB levels that were determined to be higher than the
mothers. Developmental abnormalities were also observed in these infants.
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The fist documented incident resulting in acute toxicosis was from ingestion of a rice (Japanese)
oil contaminated with industrial oil containhrg PCBS. The amount consumed ranged from 0.5 _
to 2 grams (NLM, 2993).

Information on general population exposure was limited, while occupational exposure studies
were more prevalent.

PCB exposure in animals has been found to increase synthesis; hepatic content and excretion of
porphyrins. PCBS have been found (as in humans) to cross the placental barrier and are
excreted in mother’s milk. The most consistent pathological changes in mammals occur in the
liver. In rats, mtrblts, and guinea pigs after injection and derrnal application, fatty deposits were
noted. After repeated exposure in rats and an increase in liver weight was observed. PCBS
were also shown to inlibit the growth of experimental tumors in rats. An oral LDW of 1,010
for rats was observed. A NOAEL of 0.5 mgkgklay for acute oral exposure was determined
(NLM, 1992).

PCB is classified as a B2 human carcinogen. The basis for classification is hepatocellular
carcinomas in three strains of rats and two strains of mice and inadequate yet suggestive
evidence of excess risk of liver cancer in humans by ingestion and inhalation or derrmd contact.

The data for carcinogenicity is inadequate due to confounding exposures and lack of exposure
quantification. A significant increase in malignant melanomas was reported at a petrochemical
plant, but the study was unable to report a quantified exposure level or to account for other
carcinogens.

A TWA daily dose of 3.45 mglkglday was observed, and the oral slope factor is 7.7 mglkglday.

Data on the carcinogenicity in animals are sufficient. Benign and malignant liver cell tumors,
lymphomas and leukemia, and carcinomas of the gastrointestinzd tract were observed In a long-
term bioassay with Aroclor 1260, females Sherman rats developed hepatocelluku carcinomas
after administration of 100 ppm PCB for 630 days (NLM, 1992).
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In another study, Sprague-Dawley rats (70 male./7Ofemale) were fed PCBS in mm oil at 100
ppm for 16 months, followed by a 50 ppm diet for 8 months, then a basal diet for 5 months.

.
Female rats that survived the 18 months exhibited 91percent incidence of hepatocellulw
carcinoma and 4 percent neoplastic nodules. Incidence in male rats were lower. Morphology
studies of these rats indicate sequential progression of liver lesions to hepateccllular carcinomas
(MM, 1992).

Environmental Effecm

The eggs of three seabird species (double-crated cormorant, storm-petrel, and the Atlantic
puffin) were examined at sites in eastern Canada. PCB residues were highest in the double-
crestcd cormoranc however, results and levels were not listed (NLM, 1992).

Channel catfish exposed to PCBS in a highly industrial area and adjacent hazardous waste sites
in Louisiana were examined for PCB concentration. When compared to a reference fish (devoid
of exposure to PCB), the channel cattish exhibited elevated PCB congener concentrations in fatty
tissue (NLM, 1992).

.
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APPENDIX ~

POTABLE WELL WATER ANALYSIS





CERllFICArEOF ANAIyS,S

D4TE: 07/30/90

TCU3ELE ARMY IIEPOT
ENV . MOT . OFF (R. CLARK)
RLDQ. 113
TOOELE. UT 84074

90-007974

SAMPLE: WATER SAMPLE FROM NORTH WELL #l RECEIVEIJ 7–l A-9C1 FOR
ANALYSIS 3TART1N0 AT 3 P.m. UNDER PO #W67QJA–CB lS6-0140.

REsuL TS

. ...==.==..=..===.=========== . --- -

Nitrate. N03-N ms/1 SM418C . Is mdx= /4ff-f

Sulfate, SCJ4 ms/1 EPA 375.2 22.6 ma b=. as-o. p?u

--Jfz2.A_______
FCIRD ANALYTICAL LABORATORIES

40 Wed Lwlse Avenue c bit Loke City, Utah 84115. PHONE (801) 466.8741 . L4X (801) 466.8763
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CCRIINCAIC of ANALYw

DATE: 0~/02/w

TO13ELE ARMY DEPCIT
ENV. MOT. CIFF (R. CLARK)
EiLD13. 113 90-007963
TOOELE. UT 34o74

5f?MFLE : MATER SAMPLE FROM NCIRTH WELL #l COLLECTED 4N0 RECEIVED
7-16-90 FCWt RE13ULATE0 VOC ANALYSIS UNDER REQ. #U67i?Jf+
0156-0140.

.=.. =.-== = . . . . ..=== ==-. ==--==

1.2-D icl]ldroe than+ pm, 502.2

111 Trichloroetharj* p-m S02.2

llRichloro&thylene rpm 502.2

Banzene .0I=m S02. i

;. Tetrachloride t=i=m 502.2

“richluruath’flene PPmn 502.2

)in Yl C:hloride t=pm :,02.2

s-Di Chlu PQben Z&n G’ P* Ill 502.2

RESI.ILTS

. ...-====

<.001

<.001

<.001

.:,001

<.001

.:.001

<.001

<.001

J@Au
------ --------------------
FORD ANALYTICAL LABORATORIES

40 West LOUIS Avenue . Soli Lake Clly. Utah 84115 . PNONE (801) 46.$8761 . FAX (80i] d66-8763
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CERllrlCATECM AIWUVNS

DATE: C]S/C12/90

TIJOELE ARMY GEPOT
ENV. MOT. OFF (R. CLARK)
BLD13. 113 90-007944
TOOELE . LIT e4074

::~~pLE: WQTER SAMPLE FROM NORTH IJELL #1 CQLLECTED 13ND fiECE I VED
7-16-90 FOR UNREGULATED VOC ANALYSIS STARTING AT S P. l+.
UNDER REQ. I+W67QJA-0154-0140.

RESULTS

..==. -..= -... am.== ===-. m.==== =======. =

1.1 Dichluroethane PPm

1.1. 1,2-Tetrach loroethane pi-m

~, 1,2. 2-Tetrach loraethar, + ppm

~. 1.2-Tri chloroethariu Prm

1,1-hi chloropropene ~~m .

1.2,3 –Trichlororro Parie ● .-m

- %- Trichlorob+nzer, e ppm,, A,-

,,2.4-Trichl @robe n:ena ppm

.2.4 -Trimethylbanzer, e vpm

.2-Dik,romo-3-ch loro~roran* F

,2-tlibromoethane( EllR)_pm

.2-i) ichloroprorane prm

,3,5 -Trim* th>.lb*n:a”e ppm

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

40 West LOU!SeAvenue . Salt Lake City Utah 84115- PHONE [8W 464-8761 . FAX [801] 4d.$8763
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CHwcu M’JOMCWWY.OWGW mm

CERIIFICAIE OF ANALV515

FAC~E: 2

90-007?64

RESULTS

—=. -... ---”* ---=-..-= =.=. ==----.=.=s=.-

l. SHlichloro?ror. ane ppm

2.2. Dichloro Prov*ne .-mm

Sramobenzene ?r.n,

Bromochloromethane ~pm

Bramodi chlorom.athanu Fpm

Bromoform ppm

Bromomethane ppm

Chlorobenzene .=~m

Chlorod ibromomethatie ● *m

Chloroethane ● *m

Chloroform Pt=m

DibrOmoch larometharti4 ● pm

Dibromornethan* P~m

!Jichlorod ifluorom*tt, an* Prm

Dichloromothanc P-m

Eth’flbenz*n* rrm

Flu*rotri chloromethane ppm

<.001

<.001

<.clol

<.001

<.001

<.001

c. 001

<:.001

<.001

<.001

<.001

<.001

<. OC!l

<.001

<.001

<.001

<.001

~ -$ .* -Ud -- tiW-Id PW-F d -0. AIIM*-I k PMc9k+Id M WUU, w*MMOII$. W. *sbaClf 11..5w -LWdw Wm.
b wI*lwd pakm# w Wlmn qm”al al a ImmMlptalioll b *ml Lh@pm andowsdws.

40 Wed Louise Avenue . Sail bake Clly, Utah 64115. PHONE [801] 4t&8761 . FAX [801] 466.8763
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C+lm90i m Mclrxlcimcu #Nuns

CtR1lCICAlt Or ANA1Y31:,

PAGE 8 ~

90-007964

RESULTS

..-... = . . . ..=. -.. --=== . . . ...= --------

Hex&chl orobutadiene Ppm

Naphthal ene Fm

Stvrene rrm

Tetrachloroethane Ppm

Toluene Pf.m

cis-1.2-D i,:t!loroett, ~ Ien* erm

cis. -l. .Dichlororr-r vpene r~m

iso-Pro P~lhenz&nr Pt=m

m-Dichlarobenzene rrm

n,-Xyl *n* .-pm

r,-Butyl benzene PPIr4

r(-Fr4Pvl befizane rrm

u-Chloroteluer, e Pm

o-Dichlorub&r#z*ne p~m

o-XY1 ene ppm

.-chlof. otel”e”e i=,om

,-190pr. apylt Oluene r*m

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.ooi

<.001

<.001

Amlex.lsam-nm9c-euMFfwwd - wmmm801wu@c4wdowfcFuu, mlw4u9m,.., ,xtrbu, km Ofrewnfngkm.
lIl*mmdwOfw!4cumumwr0d. anwludPmwc-lode-. oh+ ●!-mh-.

40 Wed Louisa Avenue . Self Lake Ci&’. Utoh 84115. PHONE (801) 466-8761 . FAX [801) 46M763
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PACJEC 4

50-oc17,9&4

RESULTS

-.. -=.. ==--= . . . . . . .S.--.-m.-m ..=== . ..-

P-XVI ene P.-m

sec-Butylb.?nzene -!-n,

tert-~utvl benzene Pf=m

trans-l. 2-Dichloroethyl ene PP

krans-l. Z:-Dichlvrq Pru Pene ?Pm

<.001

<.031

<.001

~:. ool

.:.001

.--.--zLG___<---------
FORD ANALYTICAL LABORATORIES

M “FM, “, wLw’JIW“ W cmfdonthl P-”” d CRU#S,MMIZ,tbII k #!allcm d w “pOIU, CQ-uAm. .al.wmlmmwregudicq Iilm
UmMrWdpordmJwtinm-la, ,rlB.dlldlwtuk.l bdhlm.l lupt#cW!c WwlW&

40 West Ldse Awnue . WI Laks City, IJtoh 84115. PHONE [801) 466-8761 . FAX (U] 464-8763
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a’sJAGu AM eAcrER+wxKA. Uul.’l%

CERTIFltiTE OF AMUYSIS

DATE: 07/27,>90

KtOELE (W?tl’f DEPOT
34V. MGT. CIFF(R. CL4RK )
3LDG. 113 90-00796s
KIOELE . I.IT E14074

;AMPLE: IJATER SAMPLE FROM NORTH WELL #2 COLLECTED AND R’ECEIVEKI
7-16-90 FCIR REGULATED Vt3C ANALYSIS UNDER REQ. &W67QJQ-Olz&
0140.

,==... =.- *- . . ...-.= . . ...-...=

,.2-fJi chloreethan* p~m 502.2

,li Trichloroethane PFm 502.2

lDichlovoethvlene p-m 502.2

Itfizene p!=m 502. 1

:. Tetrachl oricle pvm !502.2

‘rich lc, r*attoylene pprn !502.2

‘in’fl Chic, ride PPm !302.2

-Dichlc. rt.tbenzene r-m 502.2

RESULTS

. ...=.=.=

<.001

<.001

<.001

<.001

<.001

<.001

<.001

c. 001

Kp-------.- -..J__’L-
FORD ANALYT CAL LABORATOR 15S

40 we5t Louise Avenue . S011Lake Ciiy, Ulah 8415. PHONE [801] 4&.876f . F4X [@Ol)46&87&3
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CJimaca. AM Vi.ww2iffilmi ANMwls

CEIHIFICAIE OF ANALV!

tIATEi OE!/ 15/90

OELE ~RMY DEPOT
U. M13T.OFF(R. CLARK)
DO. 113
OELE . UT Q4074

90-00796.5

IPLE: WATER SIWIPLE FRCIM NORTH WELL #2 C13LLECTED A14Q RECEIVED
7-16-90 FOR UNREOULf4TED VOC ANALYSIS UNDER REQ. #U67CIJfi01 S6-
0140.

RESULTS

.-=.-.---.-.-------- .--.-m- ---m= ..-=

~ Dichloroethane I-pm <.001

i, 1, 2-Tetrachl Ore, ethane p~m <.001

.,2.2 -Tetrach lore. ethane !.m <.001

,.2-Tri chloroathane PI-W, <.001

,-Dichlororrapen& .-pm <.001

!.3-Tri chloropropan ● pr. m <.001

:.3-Tri chler-obenzene PPm <.001

!.4-Trichlorobanz ene pmm <.001

!f4-Trimeth Ylber, zen+ ppm <.001

M IWII amsutmld u lb CC.IMUW MQOny c+CID,III Auumrkatkmb phwm d cu W& ewAItic.Is M. anrnu homu tqximu mm.
ismewed pwdirq C4.UWIMMqmv,d u a mmui pfdecw b m h publkW Ci8ti.

40 West Lwise Avenue . Salt Lake .Clty, Utah 8411S . PHONE (80~ 46.5.8761 . FAX (8011 466.8763
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CERIIFICATF OF ANALY$I:

PIAGES z

90-0079L.6

RESULTS

.-.------. ---. ------ m-=------ .----= ..=

i.3-Dich lor. orro~ane ● mn <.001

2,2, Dichloropropane P.-m <.001

3romoberIzene rpm <.001

3romochl oromethar, e ?pm <.001

iromodichl oromethane prm <.001

Sromoform m-m <.001

)romomethan. s rrm c. 001

;hlorobwnzene p~m <.001

:hl orodibromomethane ppm <.001

Chloroethan* ppm

Chloroform Frm

Dibromochl oromett4ane ● pm

Dibromomethane ppm

t!ichloro difluoromethane ● Pm

Dichlorom,ethane rrm

Ethyl benzene ppm

Fluorotr ichloromethana rrm

<.001

<.001

<.001

c. 001

<.001

<.001

<.001

c. Ooi

I M repro U. .IkuW8d U W ~M pmp4nfd dulls, Avhizalim h WYalkfl d cw mpmu. rtfxiutis, w, ex+rsclstin . fagardiy Ihcm.
ilmwd~turwtd.am M8HvllJu pnlullcnntiw pmkand. wmdlw.

40 West Louke Avenue . Salt Lake Cltw Uiah 84115. PHCNE (801) 466-8761. FPX [W] 466-8763
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CEQ11FIC41E OF ANAI.Y21s

PAOEI 3

90-007966

RESULTS

,W-=-===-- .-... ---= ---------- -==-x----

Iexachl orobutadiene r-m

Iaphthal ene n-m

tyrene P.-m

etrachloroethene rrm

oluene r~m

is-1,2 -Dichloroe tF(-fl en* ppm

is-1.3 -Dichlor Opr Orane Ppm

sn-Prom Ylbenzena PPm

-Dichlorobenzene “ppm

-Xyl.ane PPm

-Butl-lberizen4’ ppm

-Propi’lbanzene Fpm

-Chlarutoluer,e PPIII

-Dichl Qrobenz*n”i PPmI

-X\,l*n* Frm

-Chl Or OtOluen* Prm

-Iso~rapYltoluene prm

<,001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<.001

<. OCI1

Afl ,. PM, H, wbMled u lb u..+U4W -W d c.WU, &#kwIz@OlI&PWW!M d W, IW.X%,tOdlltbOSW, 0iWM3 hC!Tw fcWdbWh-l.
h mud Pom?+jm Mlnmsp$imvdn aIlwJdPm@dkm!+C$e$lh.010PJw Id WWhn

40 Wesllou!se Avenue . Salt Lake CHy, Ulah84115 , PHONE [80114LXS8761 . FAX(801146J5-8763
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-.
c[klIFIcAIE OF AJ4AI Y31S

PrWEs 4

90-0079.56

RE~LI~~~

. . . . . . . . . . . . . . . . . . . . . . . . . . . -.... ==.=

-Xylem. m~m

ec-But~lbanzene I.wn

*rt-But.rl benzene ppm

‘ans-1,2-Dichlo Foethy]ana pp

‘aras-l .3-Dict,l oroprarene ~em

<.001

<.001

<.001

c. 001

<.001

__&e--&___
FORD 6N4LYT I CfiL LABOR4TOR 1 ES

Al W.MS m uk,nllld a! muamfddii Md dub AuIMMdM la put+kdcmd ax qtcms,anclubn, or,.xlr#% hm. quting I*
k_~w~,Wd,s, mtU~tib&m’. tiwti~.

40 West Louise Avenue . till Lake Ciiy, Uioh &ili5 . PHONE [801] 466.8761 . FA%(801) 4&5-8763

G-n



CIXTIFICAIE OF ANALYSIS

[lATE: 07/27/570

TOUELE 0RM% DEPOT
ENV . IIGT . OFF ( R . CLARK ~
!3LEJ3. 113
TOOELE . UT 134074

90-007967

SAMPLE c WATER SA?IFLE FRCIM NORTH WELL Hz COLLEl:TEtI 13N0 RECEIVED
7-16-90 ~OR REGUL,4TED VCI12 ANALYSIS UNDER FE12 . i#w&7Q.ls-
01%-0140.

.=-.. -.=. ==. - . . . ..-.. =.=-----

1,2-Cl iclllc, rc, ethane FI=m, 502.2

1 llTrichloroathane t=!vm 502.2

llDichl ora~thyl~r,a -Pm 502.2

~erazen~ pm S02. 1

;. Tetrachl uride ppm 502.2

rrichlureethyl~ne ppm 50’2.2

/in%’l Chl Or ida @.-m 502.2

.-Diehl*reb*fiz*n* zmm S02.2

RESULTS

.=.== . . . .

.: .001

<.001

<.001

<.001

<.0(!1

.:. 001

<. C101

<.001

f? ‘--—------ -.ef--------
FORD ANA YTICAL LABORATORIES

! J

40 Wed Louise Avenue . Salt Lake CltV, Utah 84115. PHONE [801) 4668761 . f+X (801) 46643763
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C.ERII(ICNE OF WY$K
I

DATE: 07/ 27 /*i,

T130ELE ARMY OEPOT
ENV. MOT. OFF(R. CLARK)
EILDC+. 113
TOOELE, UT s407,1

90-CI079.5S

SAMPLE: WATER SAMPLE FROM NORTH WELL #3 COLLECTED hNO RECE I VEU
7-16-90 FCII? UNREGULATED VCIC ANAL Y,51,s UNDER RECJ. #Wk,7UJA-
015+0140.

RESULTS

..=== .==. =- . ...=.- =...==== .== ===.=. . . .

1.1 Dichl.yro&thane ppm

~.t. i.2-yCt Pachloro~thane Ppm

;. lv2,2-Te trachloreett, ane ppm

, 1.2-T rich lorvathane prm

. i-Dichloroprc, pene Prm

.2.3 -Trichloroprepane ~~m

.2,3 -Tricolor obenze~, e Ppm

,2.4 -Tricolor. ob. n zene Ppm

,2.4 -Trim ethyl benze ne Ppm

,,2-Oibrc, me-3-c hlorfi~ro~ane I.

~, 2-Dibrofl, o&tt, &n*(EnBl vI.m

,2-nich 10rupr Oraroe ppm

.3.5 -Trimethyl benzene Pi-m

<.001

<.001

<.001

<.001

<.001

<.001

c. 001

<.001

<.001

<.001

<.001

<.001

<.001

~f9M11f9SLkWUHwcenkwUwdW MmulIMlw pLwcsl.c, IMRw,wi, Or,.,I,WMmwU~,tiT
bfnwd$udq.wulmn+.,mulw,tim ,o~%~~dwti=

40 Wesl Louise Avenue . SCMLake City, Utah 84115. PHONE (801) 46.5.8761 . FAX [801] 46.5-8763
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Ci’b5t.wx AM MClf R+c@Grxl U’U.LWK

CCRllFl(XIE OF ANALYGS

?O-0079W

RESULTS

. ..-...-=-. .* . ...==.. .==-... = ===. -==--

.3 S-Dicl, lfir Owr Opane p-m <.001

~,~,Di<hlOrOppC,pe n“ PPm <.001

avomohenzene f.rm c.ocli

>romochl oremethar,e PPm <.001

Wc, modichl oromethane

a,-omoform Pi=m

$romonwthane PPm

:hlorubenzer#e ● Pm

;h] orodibromomethafie

:hloroethane PPm

>hlorc, $<, rm PPIII

yibromuchl oromethane

)ibromomethane PPm

r~m <.001

<.001

<.001

<.001

F.-m Cool

Cool

.:. 001

P rm <.001

<.001

Jichlorod ifluoron,ethan@ p~m <.001

>i,:hloromethene f=Pm <.001

:thylbenzerae Pm <.001

:luorotr ict,loromethar, e Ppm <.001

40 West Louise Avenue . Salt Lake CitV, Utah 84115 . PHONE (801] 4&5.8761 c FAX [801) 466-8763

..

G-14



CERIIFICAIE OF ANALY:

PAGE: 3

90-00796s

RESULTS

:..==.=..====..==-=== .==== === .==== ====

exachl Ore, hutadiene Ppn,

arhthale!, e P-II,

tyr*n* i=~m

etrachloraethene I.vm

uluene Pr. m

is-1 .2-Dicit lc, rOet F,.wlene s.mn

is-1, 3-lJichloi-oero Pe”e r=wmc

~o-Prop’rl benzene ppm

.Dichlorob.+nxer,e Ppm

m-XYl *r, * Pm

n-lhtyl benzene ps. m

n-Pro ~.fl benz.r,t mpm

s-Chlorotelu+n* ,.m

e—Dichlorobenzene ppm

q-x-f? *r,* pp~,

!.-Chlorotoluene Pwn

P- IS OPPQPY1 toluene pp~

<. <101

<.001

<.001

<.001

<.001

.:. 001

<.001

<.0(21

<. C101

<.001

<.001

<.001

<.001

<.001

<.001

<:.001

<.001

..-

G-15



CERTIFICATE OF ANALvSI$

W30E c 4

90-00796:2

RESULTS

.= . . ..-== ===-= =.=---= =.-.=..= .-.==..m-

.-.x,,lene ,.pm

~ec-But.. lbenzene .-Pn4

tert-Butylberaz*ne .-mm

trans–l. 2-Dichloroeth.w Ieme r..-

!rans-i.3-tlictl Idrci.-romene .-.-nt

<. OCI1

<.001

<.001

<.001

<.001

.--____g2=l____
FORD ANALYTICflL LGBORATORIES

M m!kwm Mb a$nWlbd a9 tho cddmtld w d CGDIU.Awwk.lim k @6c8~. d w IW-XU. rA@Jsio.u, or, ekwus km. regudiq mm,
b rbsd POK4.Ww mtim IWIQUIu i m.i.ti W4WM 10dbds, t.! PAk ad cwseiws,

40 Wed Louise Avenue . Sit Lake CitV, Utah 84115 ● PHONE [80i] 466-8761 . FAX [8011 4&5-8763
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CONCEPTUAL SITE MODELS
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APPENDIX I

CERTIFIED REPORTING LIMITS

L



.-



Tooele North

Certified Reporting Limits

Soils CRL Water CSL
Analyte Name

--
(UG/G) (UG/L)

BROMIDE

CHLQRIDE

FLUORIDE

NITFATZ

NITRITs

PHOSPHATE

SULFATZ

~A2iIDE
CYANIDE

ZXPLQSIVE

1,3,5- TRINITROBENZENE

1,3 -DINITROBENZENZ

2,4,6- TRINITRCTOLUBNE

2,4 -DINITRoTOLUENS

2,6 -DINI’TwXOLUENE

2-NITROTOLUBNS

CYCLO’TETRAMETHYLSNZTRTRANI TRAI.21Ns

CYCLOTRIMZTHYLENETRINIT*I~ /CYCIC)NITS

-METHYL- N2 ,4,6- TETRANITRoANILINs/NITNI~

= .#ITROBENZENE

~TAL
ANTIMONY

ARSENIC

BARIuM

BERYUJUM

C2iDMIUM

CALCIUM

CES IUM

CHROMIUM

COPPER

IRON

LZAD

MANGNES IUM

I.DIRCDRY

NICICZL

SELENIUM

SILVZR

SODIUM

THALLIUM

TITANIUM

ZINC

0.000000

4.415000

19.800000

9.600000

1.680000

1.580000

0.000000

7.200000

2.500000

0.176000

0.152000

0.465500

0.372000

0.415000

0.000000

0.377500

0.222500

0.520000

0.520000

1.710000

0.109500

1.130000

0.039000

0.212000

0.000000

0.000000

1.950000

0.980000

0.945000

0.000000

0.000000

0.012950

1.230000

25.350000

0.000000

0.000000

8.300000

0.000000

3.980000

0.000000

25.000000

136.500000

35.500000

12.150000

14.150000

16.500000

68.500000

2.500000

0.194000

0.135000

0.383500

0.580000

0.555000

0.000000

0.424500

0.308500

0.095500

0.770000

25.600000

1.545000

0.760000

0.171000

1.335000

0.000000

0.000000

2.235000

2.145000

12.300000

2.370000

0.000000

0.283000

4.380000

2.050000

0.158000

0.000000

56.800000

0.000000

9.370000
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Tooele North

Certified Reporting Limits

Soils CRL Water CR-L

Analyte Name (UG/G) (UG/L) .—

PESTICIDE/PCB

2,2 -BIS (PARA-cHLOROPHEmL) -I, 1, I-TRICHLOROETHANE

2,2 -BIS (PAFJi-CHLOROPHENYL) -1, l-DICHIk2ROETHANE

2,2 -ms (pARA-CHLOROpHEwL) -1, I-DICHLOROETHENE

ALDRIN

ALPHA CHLORDANS

ALPHA- BENZENEHEXACHLORIDE /ALPHA- HEXACHIKIROCYCLOHEXAN

ALPHA- ENDOSULFAN/ENDOSLILFAN I

BETA- BENZENBHEnC2HL0RI DE /BETA -HEXACHL0R0CyCW3HEXANB

BETA- ENDOSULFAN/ENDOSD21FAN II

DECACHLOROBEIPHENYL

DELTA -BENZENEHEXACHLCIRI DE /DELTA- HEx.AcHLOROcYcLOHEXAN

DIBUTYLCHLORNEDATE

DIELDRIN

ENDOSULFAN SULFATE

ENDRIN

ENDRIN ALDEHYDE

ENDRIN KETONZ

GANMA- CHKNUIANE

HEPTACHLJ3R

HEPTACHLORBPOX IDE

ISODRIN

LINDANE/GAMA-BENZENEHEXACHLORIDE/GAMMA- HEXACHLOROCYC

I.ETHOXYCHLOR

PCB 103.6

PCB 1260

POLYCHLORINATED BIPHBNYL 1221

POLYCHLORINATED BIPHENYL 1232

POLYCH142RINATED BIPHENYL 1242

POLYCHLJ3RINATED BI PHENYL 1248

POLYCHLORINATED BIPHENYL 1254

TETRACHLORONETAXYLENE /2, 4,5,6 OTETRACHLORONETTAXYLENE

TOXAFHENE

PH

PH

SEMIVOLATILE ORGANIC

1,2,3 -TRICHLC)ROBENZENE

1,2,4 -TRICHLOROBENZENZ

1,2- DICHLOROBENZENE

1,3- DICHLOROBENZENE

1,3 -DICHLOROBENZENE -D4

0.000000

0.000000

0.000000

0.000000

0.100000

0.005050

0.001995

0.004035

0.000920

0.002525

0.050000

0.050000

0.100000

0.000000

0.002450

0.000000

0.002595

0.100000

0.003770

0.000000

0.100000

0.001900

0.000575

0.001775

0.000000

0.002325

0.500000

0.035200

0.026900

0.050000

0.050000

0.050000

0.050000

0.050000

0.000000

0.250000

0.000000

0.000000

0.145000

0.165000

0.165000

0.000000

0.000000

0.000000

0.000000

0.000000

0.100000

0.010050

0.044000

0.002450

0.001005

0.002805

0.050000

0.050000

0.100000

0.000000

0.018450

0.000000

0.010900

0.100000

0.003820

0.000000

0.100000

0.015450 _

0.004205

0.030500

0.000000

0.016500

0.500000

0.034050

0.037700

0.050000

0.050000

0.050000

0.050000

0.050000

0.000000

1.000000

0.000000

0.000000

1.400000

5.000000

4.250000

0.000000
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Tooele North

Certified Reporting Limits

Soils CP.L Water CRL
Analyte Name

L.
(UG/G) (uG/L)

1,4- DICHLOROBENZENE

1,4- OX?+THIANE

l-~lliy~~E~s

2,4,5 -TRIC2KOROPHENOL

2,4,6- TRICHLOROPHENOL

2,4- DICHLL2ROPHENOL

2,4- DIMBTHYLPHENOL

2,4 -DINITROPHENOL

2,4 -DINITRoToLuENE

2,6 -DINITROTOLUENS

2-CHLORONAPHTHALENE

2-CHLOROP?mNOL

2 -NETHYLNAP~E~

2-MBTHYLPHsNOL/2 -CRZSOL

2 -NITROANILINB

2-NITROPHENOL

3,3 -CICHLOROBENZIDINB

3-NITROANILINB

3-NITR~OL~ws

4, 6-DINITRO-2 -CRESOL/METHyL-4 ,6-DINITROPHENOL

4-BROMOPHENYLPHENYL ETHER

4-CHLORO -3-CRESOL/3 -NETHyL -4-CHLOROPHENOL

4- CHLORO~ILItqs

:-CHLOROPHENyLMZTHyL SULFIDE

4-CHLOROP~wy=~L S~FOwz

4-CHLOROPHENyLNETHyL SULFOXIDE

4- CHLOROPHEN’yLPHENyL ETHER

4 -MBTHYLPHENOL/4 -CRNOL

4 -NITROANILINB

4-NITROPHZNOL

ACENAPHTHYLENE

ACENEP~EN3

AN1’HRACE~
BENZO [A] AN21+~CEN2

BENzO [A] PY~~

BENZO [B] FLUOFANTHENB

BENzO [G,H ,I] PERYLENB

BENZO [K] FLUOHANTHENE

BENZOIC ACID

BENZYL ALCOHOL
BIS (2-CHLOROETHOXY) NE~

BIS (2-CHLDROETHYL) ETHER

BIS (2-CHLOROISOPROPYL) ETHER

BIS (2-ETHYHEXYL) PHTHALATE

BUTYLBENZYL P~TE

CHRYSE14s

CYCLOHEmwO~

DI -N-BUTYL p5THALATE

0.160000

0.000000

0.000000

1.700000

0.330000

0.330000

0.330000

1.700000

0.195000

0.265000

0.330000

0.160000

0.330000

0.330000

1.700000

0.330000

0.200000

0.000000

1.700000

1.700000

0.330000

0.330000

0.330000

0.000000

0.000000

0.000000

0.330000

0.330000

1.700000

1.700000

0.230000

0.205000

0.270000

0.150000

0.190000

0.180000

0.120000

0.330000

1.700000

0.330000

0.330000

0.165000

0.330000

0.195000

0.330000

0.225000

0.000000

0.330000

2.200000

0.000000

0.000000

10.000000

10.000000

10.000000

10.000000

50.000000

5.500000

3.300000

10.000000

9.600000

10.000000

10.000000

50.000000

10.000000

6.000000

0.000000

50.000000

50.000000

10.000000

10.000000

10.000000

0.000000

0.000000

0.000000

10.000000

10.000000

50.000000

50.000000

10.000000

9.500000

7.000000

20.000000

10.000000

23.000000

16.000000

21.000000

50.000000

10.000000

10.000000

3.550000

10.000000

10.500000

10.000000

15.000000

0.000000

10.000000
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Tooele North

Certified Reportinu Limits

Soils CRL Water CRL
Analyte Name (UG/G) (UG/L) -..

DI-N-OCTYL PHTHAIATW

DI-N-OCTYL PHTH?4LATE-D4

DIBENZ [AHI ANTHFJ+CENE
DIBENZOPORAN

DIETHYL PHTHALATE

DIETHYL PHTHAIATE -D4

DIKSTHYL PHTHAIAATE

DIMBTHYLNAPHTH=ENB S

DITHIANB

FLUORANTHENE

FLUORENE

HEXACHLOROBENZENB

HEXACHLOROBUTAD IENE

HEXACHLOROCYCLOPENTAD IENE

HEXACHLOROETHANB

INDENO [1,2,3-C, D] PYRSNZ

ISOPHORONB

MALATHION

MSTHYLNAPHTHALENES

N-NITROSO DIPHENYLAMINB

NAPHTHALENB

NITROBENZENR

NITROBENZENS -D5

NITROSO DI -N-PROPYLAMINE

PARATHION

PENTACHLOROPHENOL

PHENANTHR!2NS

PHENOL

PYRBNE

TRIkS?ItiYLNAPHTHALENES

XYLENZ

~c

TOTAL ORGANIC COMPOUNDS

~PHC

TOTAL PETROLEUM HYDROCARBONS

vOLATILE ORGANIC

1,1,1 -TRICHLOROETHA14B

1,1,2,2 -TETFJLCHLOROET3iANB

1,1,2- TRICHLOROETHANE

1,1- DICHLOROETHANE

1,1 -DICHLoROETHyLENB/l ,1-DICHLOROETHE~
1,2- DICHLOROETHAN’S

1,2 -DICHIA3ROETHANS -D4

1,2 -DICHLOROETHYLENSS (CIS AND TRANS ISO~RS)

1,2- DICHLOROPROPANB

0.295000

0.000000

0.100000

0.330000

0.330000

0.000000

0.330000

0.000000

0.000000

0.260000

0.330000

0.130000

0.210000

0.330000

0.200000

0.105000

0.330000

0.000000

0.000000

0.330000

0.210000

0.000000

0.000000

0.330000

0.000000

1.700000

0.205000

0.330000

0.210000

0.000000

0.000000

0.000000

0.000000

0.002100

0.000800

0.010000

0.000850

0.009500

0.001550

0.000000

0.001000

0.001100

15.000000

0.000000

7.500000

10.000000

10.000000

0.000000

10.000000

0.000000

0.000000

20.000000

10.000000

7.500000

3.600000

10.000000

2.550000

7.200000

10.000000

0.000000

0.000000

10.000000

8.500000

0.000000

0.000000

10.000000

0.000000 –

50.000000

8.500000

10.000000

17.000000

0.000000

0.000000

0.000000

0.000000

2.050000

2.350000

0.310000

0.550000

0.708000

3.800000

0.000000

0.550000

1.400000
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Tooele North

Certified Reporting Limits’

\.

Soils CRL Water CRL

Analyte Name (UG/G) (uG/L)

1,2- DIMS~ENZENE/O -XYLENB

1,3 -DICHLOROPROPANE

1,3- DIMBTHYLBENZENB /M-XyLENB

2-CHIJ3ROETHYLVINYL ETHER/ (2-CHLOROETHOXy) E’THBNE

ACETIC ACID VINYL ESTER/VINYL ACETATE

ACETONE

BENZENR

BROMODICHLORONETHANS

BROMUFOFU4

BR0340METHANE

CARBON DISULFIDE

CARBON TETRACHLORIDE

CHLOROBENZENE
CHIf3ROETHANE

CHLOROE2TiENE/VINyL CHLORIDE

CHK)ROFORM

CHLOROMETHANB

CIS-1 ,2-DICHLOROETHyLENE/CIS -1,2 -DICHLOROETHENB

CIS -1,3- DICHLOROPROPYLENE /CIS -1,3- DICHLOROPROPENE

DIBROMOCHLCIR03.C3~

ETHYLBENZENE

ETHYLBENZENE -D1 O

I.CHTIYL-N-BDTYL HETONB/2-HEXANONE

IETHYLENE CHLORIDE

MBTHYLENE CHLORIDE-D2

NETHYLETHYL ICETONE/2 -BUTANONS

MBTHYLISOBUTYL XBTONE

STYRENE

TETRACHL13ROETq.fyLENE/TET~CH~ROE=~

TOLUENB

TOLUENE-D8

TRANS -1,3 -DICHI..0ROPROPENE

TRICHLOROETHYLBNB /TRICIiLOROETHENE

0.000000

0.000000

0.000000

0.024000

0.010000

0.010000

0.001450

0.001650

0.009000

0.010000

0.005000

0.002800

0.001400

0.013500

0.007500

0.001150

0.017000

0.000000

0.000650

0.007000

0.001650

0.000000

0.010000

0.002850

0.000000

0.010000

0.010000

0.005000

0.000950

0.004200

0.000000

0.005000

0.001900

0.000000

0.000000

0.000000

41.000000

10.000000

10.000000

1.200000

3.950000

4.100000

10.000000

5.000000

1.800000

0.700000

1.100000

0.250000

0.415000

1.600000

0.000000

1.900000

3.250000

4.650000

0.000000

10.000000

2.700000

0.000000

10.000000

10.000000

5.000000

0.250000

4.350000

0.000000

5.000000

0.250000
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